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INTRODUCTION 
In the thick loess area of western Iowa, inadequate 
amounts of soil moisture limit corn yields more often than 
any other single factor. The loessial soils in this area are 
deep, permeable, and have high plant available water holding 
capacities; however, erratic precipitation and high evapora­
tion rates combine to aggravate the soil moisture problem. In 
addition, surface runoff from sloping soils is potential soil 
moisture, lost for use by crops. 
Conventional tillage practices, which expose the bare 
soil during periods of potentially high runoff and evaporation, 
serve to deplete the soil moisture reserve or reduce the 
chances for moisture recharge when it is most needed. There­
fore, soil management systems which would limit the soil evapo­
ration and surface runoff processes appear to have a high po­
tential for increasing the amount of soil moisture available 
to crops in western Iowa. 
The preceding leads us to the objectives of this study. 
The first is to develop a yield response curve to moisture 
which will be applicable in western Iowa, and will be valid 
for a wide range of soil moisture stress conditions. This re­
lationship may be used for predictive purposes. The second 
objective is to evaluate the potential effect of a moisture 
conservation tillage technique in terms of crop production. 
This will involve comparing the performance of conservation 
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with conventional tillage in a simulated test. 
To accomplish these objectives a simulation model is re­
quired which will budget soil moisture on a daily basis and 
derive soil moisture stress indices. These indices will 
account for the integrated effect of weather and soil moisture 
on corn yield. The model will also have to be adaptable, to 
allow for modification of the simulated hydrologie processes, 
specifically surface runoff and evaporation. 
A simulation model fulfilling these requirements is 
available. It will be used to develop the prediction equation, 
based on the calculated stress indices and actual corn yield 
data. It will then be utilized to generate stress indices for 
a wide range of theoretical spring soil moisture levels and 
weather conditions under the conventional and conservation 
assumptions. Conversion of the indices to estimated corn 
yields will allow a comparison of the two treatments and an 
evaluation of the potential of moisture conservation treat­
ments in western Iowa. 
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REVIEW OF LITERATURE 
In areas where inadequate soil moisture often limits crop 
yields, two solutions to the moisture shortage problem become 
evident. Either add moisture through some form of irrigation 
system or better manage the naturally occurring water cycle. 
If irrigation is not physically or economically feasible, then 
careful management is the only alternative available. 
Under conventional tillage systems, in the thick loess 
area of western Iowa, two phases of the hydrologie cycle ap­
pear to be responsible for the greatest nonproductive loss of 
potential or actual soil moisture. These processes are sur­
face runoff from sloping soils and evaporation from the soil 
surface. The following discussion deals with the occurrence 
and control of these processes through conservation tillage 
techniques. 
Surface Runoff 
In the humid to subhumid midwest, runoff across the soil 
surface accounts for considerable water losses on sloping ag­
ricultural lands. When a mulch or protective residue is on 
the soil surface, the forces of the falling raindrops acting 
on the soil surface are reduced, and surface compaction and 
sealing is lessened. Also, each piece of crop residue acts 
as a dam to slow the rate of water running over the soil 
surface. The mulch increases surface storage and 
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infiltration and less water is available for runoff. 
Many conservation tillage practices are designed to main­
tain surface residues and a considerable number of studies 
have been conducted to evaluate the effect of these practices 
on infiltration and erosion. Although some work on minimum or 
conservation tillage has taken place since the late 1930's, 
the major emphasis on research started in the late 1950's 
when herbicides were gaining acceptance and intensive row crop 
culture became more popular. The following discussion sum­
marizes the results of research conducted to evaluate the 
effect of conservation tillage on infiltration and runoff. 
Duley and Kelly (1939) conducted an experiment designed 
to compare straw mulched and bare cultivated treatments on 
the rate of water intake for six soil types at Lincoln, 
Nebraska. An artificial rain machine was used to apply water 
on small plots. Infiltration rates for two silt loam soils 
averaged 1.09 and 0.23 inches per hour for the mulch and bare 
treatments, respectively. On mulched plots, 28.45 inches of 
water was applied over a period of 15 hours and 24.52 inches 
of water infiltrated into the soil. On bare plots, 14.59 
inches of water was applied over a period of 9.5 hours and 
6.8 inches of water infiltrated. Infiltration rates were 
slower on finer textured soils but similar differences be­
tween treatments were measured. Duley and Kelly showed that 
the surface condition was the important factor that controlled 
water intake. Photomicrographs showed a compact layer which 
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formed on the soil surface which decreased infiltration and 
caused excessive runoff from bare soils. 
In Illinois, Kidder et al. (1943) measured infiltration 
for 60 minute periods on bare and mulched corn plots in the 
summer, fall, and the following spring. Infiltration rates 
averaged 1.50 and 0.50 inches per hour for mulched and bare 
plots, respectively. These workers noted high initial rates 
on the bare dry soil but a rapid decline in rates occurred 
with time as surface sealing occurred. 
McCalla and Army (1961) reported on work at Lincoln, 
Nebraska by Russel (1939) who measured moisture additions and 
losses in one season on plots which were plowed fallow, con­
tour basin listed, and subsurface tilled with 2 tons/A straw. 
Runoff from a total of 17.90 inches of precipitation from 
April 23 to September 8 was 2.01 and 0 inches and a trace from 
the plowed, listed, and mulched areas, respectively. 
Duley and Russel (1941) measured greatly reduced runoff 
rates on subsurface tilled plots with surface residues left on 
the surface as compared to no residue plowed plots. Runoff, 
averaged for 1941 and 1942, was 1.52 and 3.80 inches from 
mulched and plowed plots, respectively. 
Moldenhauer and Wischmeier (1960) reported on a long-term 
experiment, 1948 to 1957, designed to measure soil and water 
losses and infiltration rates on Ida silt loam as influenced 
by tillage practices. This study was conducted on a series 
of 10.5 by 72.6 foot plots of 12% slope in a 2 year rotation 
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of corn oats. The three tillage practices tested were 
surface plant up and down the slope, surface plant on the 
contour, and contour listed. Annual runoff losses averaged 
3.2, 2.1, and 1.4 inches, respectively, from the corn rotation 
for the three tillage practices. Contour listed plots had 
consistently higher infiltration rates; however, differences 
between treatments were not great. Since after planting no 
effort was made to maintain any residue on the surface for 
any treatment, no differences in infiltration rates were 
expected. 
Meyer and Mannering (1961) evaluated infiltration rates 
for a plow-plant tillage system accompanied with conventional 
tillage. Most of the residue from the previous crop was left 
on the surface with the plow-plant system and was buried with 
the conventional tillage system. Both no cultivation and two 
cultivations were tested in combination with the plow-plant 
system. The soil type was a Russell silt loam of 5% slope. 
A rainulater was used to simulate precipitation. Three 
antecedent moisture conditions, dry, wet, and very wet, were 
also evaluated. Infiltration rates were greater for the 
minimum tillage plots for all antecedent moisture conditions, 
although differences did decrease with increasing antecedent 
moisture. For the dry case, 2.60 inches of rain was applied 
in a 60 minute period. Total infiltration was 1.95 and 1.28 
inches, for minimum and conventional tillage. Runoff equaled 
rainfall minus total infiltration. For the two wet cases. 
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total infiltration averaged 0.65 and 0.47 inches, respectively, 
for minimum and conventional tilled plots. 
The effect of the method of cornstalk residue management 
on runoff and erosion was studied by Mannering and Meyer 
(1961) on a Warsaw loam of 4.5% slope and a Russell silt loam 
of 3.5% slope. The residue management methods were: 
(1) cornstalks as left by a cornpicker (check), (2) cornstalks 
shredded after corn picking, and (3) cornstalks shredded and 
disked once. Simulated rainfall at an intensity of 2.4 inches 
per hour was applied with a field rainfall simulator. Runoff 
and infiltration were nearly equal for check and shred treat­
ments, but runoff was lower and infiltration higher for the 
shred-disk treatment. This held for both dry and wet antece­
dent moisture conditions. Shredding alone significantly de­
creased soil loss while disking increased soil loss. However, 
all treatments did a good job of reducing runoff and soil loss 
and increasing infiltration compared to bare soil conditions. 
The effect of different fertilization and management 
practices on runoff and erosion was studied on claypan soils 
at McCredie, Missouri (Whitaker et al., 1961). One comparison 
was made between continuous corn using conventional contour 
tillage and continuous corn using a subtillage method which 
maintains all residues on the surface. On these poorly 
drained soils, a heavy soil cover of shredded cornstalks from 
adequately fertilized corn reduced erosion and runoff, for 
the period from harvest to planting, to levels comparable to 
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those resulting from established meadow. For the period 
from planting to complete crop cover subtilled corn reduced 
runoff about 30%. 
Mannering and Meyer (1963) evaluated the effects of six 
rates of wheat straw mulch on infiltration and erosion on a 
highly permeable Wea silt loam of 5% slope. A series of four 
simulated rainstorms totaling 6.25 inches at an intensity of 
2.5 inches per hour were applied to the test plots. Mulch 
treatments of 2 and 4 tons/A completely controlled runoff and 
erosion throughout the test. Runoff from the control (no 
mulch) was 2.83 inches total. The effect of the mulch was 
to intercept falling raindrops and dissipate their energy, 
therefore preventing soil particle detachment and surface 
sealing. 
Hays (1961) and Taylor et al. (1964) reported on tillage 
research on steeply sloping deep loess soils in Wisconsin. 
Plot studies to evaluate the effect of corn stover mulch on 
runoff and erosion were conducted from 1954 to 1962 on a 
Fayette silt loam of 16% slope and on a Miami silt loam of 
8% slope. Comparisons were made between continuous corn 
plots, where corn stover was chopped each fall and spread 
uniformly, and the corn phase of a corn-oats-hay rotation 
where residues were plowed under. The corn stover mulch 
provided excellent control of soil and water losses at both 
locations. Runoff from the Miami plots averaged 0.1 and 1.4 
inches per year from mulched and clean tilled plots, 
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respectively, and on the Fayette plots was 0.1 and 0.4 inches 
per year, respectively. For 10 individual storms, all of 
which had erosion index values (IE) of greater than 50 
(Wischmeier, 1959), total runoff from mulch tilled corn was 
1.0 inches compared to 8.12 inches from clean tilled corn. 
A 3 year study was conducted on an Austin clay at 
Temple, Texas to determine the effect of mulches of straw 
and other materials on runoff, erosion, and evaporation 
(Adams, 1966). An 8 ton/A straw mulch greatly reduced runoff 
when compared to bare check treatments for 8 storms in 1958, 
23 in 1959, and 62 in 1960. Runoff for the 3 years was 2.18, 
12.44, and 10.43 inches from bare check plot, while 0.02, 
6.39, and 0.14 inches runoff were measured from straw mulch 
plots. The reduction in runoff was attributed to the main­
tenance of an unsealed surface due to the surface mulch on 
the fine textured soils. 
Mannering et al. (1966) reported on the effect of addi­
tion of a mulch to plow plant corn plots. A surface mulch, 
which covered 95% of the soil surface, effectively increased 
infiltration and decreased soil loss on plow plant corn. Of 
52 inches of rainfall applied to field plots over a 2 year 
period, 82% infiltrated into minimum tilled-mulched plots, as 
compared with 42, 27, and 55% on conventional cultivated, 
minimum tilled noncultivated, and minimum tilled cultivated 
plots, respectively. 
Infiltration and corn growth and yield were measured by 
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Triplott et al. (1968) on field plots on Wooster silt loam at 
Wooster, Ohio. Plot treatments were conventional tillage and 
no prep1ant tillage with three corn stover residue levels: 5% 
cover (stover removed), 45% cover (stover left in place), and 
70% cover (double level of stover). Infiltration rates after 
3 years of the experiment were 0.66, 0.28, 1.17, and 2.64 
inches per hour for conventional, no-till stover removed, 
stover left in place, and double stover treatments, respec­
tively. Soil moisture recharge after five intense storms 
during the growing season was greatest on no-tillage double 
residue areas and least for no-tillage no-residue areas. 
In a Virginia study on Groseclose silt loam, Stanholtz 
and Lillard (1969) evaluated water use efficiency for both 
clean or conventional tillage and no tillage (corn planted 
directly in undisturbed soil). Plots were placed on both 3 
and 8% slopes. In the summer of 1967, total runoff for eight 
storms was 0.04 and 0.2 inches from no-till and convention­
ally tilled plots of 3% slope and was 0.19 and 0.83 inches 
from no till and conventionally tilled plots of 8% slope. 
• Harrold et al (1970) reported on characteristics of the 
no-till system of corn production at the North Appalachian 
Experimental Watersheds, Coshocton, Ohio. The soil is pre­
dominantly Muskingum silt loam of 9% slope and is well drained. 
On one small watershed, corn was established in sod in 1964 
and was planted to corn all years thereafter using the no-till 
system. Practices on the no-tilled area included planting, 
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chopping after harvest, and late fall manure application. 
Control watersheds were conventionally tilled and planted to 
corn following sod in a 2 year rotation. Runoff averaged 
0.04 and 0.45 inches from no till and conventional till 
corn, respectively. 
Harrold and Edwards (1972) presented the results of a 
severe precipitation event on no till and conventional till 
watersheds near Coshocton, Ohio. In 1969 three corn water­
sheds were subjected to more than 5 inches of rainfall in 7 
hours. Watershed treatments were: (1) plowed, clean tilled, 
sloping rows, and 6.6% slope; (2) plowed, clean tilled, con­
tour rows, and 5.8% slope; and (3) no till, contour rows, and 
20.7% slope. Runoff was 4.40, 2.30, and 2.50 inches for 
treatments 1, 2, and 3, respectively. Despite the steep slope 
on the no till watershed, runoff amounts were less than from 
the sloping row area and were slightly greater than from con­
tour row areas. 
Soil and water losses from 4 watersheds at the Northeast 
Station of the University of Nebraska were measured in 1967, 
1971, and 1972 (Fischer and Lane, 1973). The soils are pre­
dominantly Crofton and Nora silt loams of 6 to 8% slope. On 
one watershed of 13.3 acres the till-plant system was used on 
the contour with continuous corn. Water losses from this 
watershed averaged only 0.18 inches per year. Eight storms 
occurred in the spring of 1971 and this was a good test for 
the till-plant system. Of a total 12.84 inches of storm 
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precipitation, only 0.71 inches runoff was recorded. This 
compares to 2.73 inches lost from an up-and-down hill till 
plant watershed. No comparison was available for conventional 
tillage. 
Evaporation 
Water which is delivered to the soil surface via precipi­
tation may follow one of several pathways. It can: run off 
the surface; infiltrate and be transpired, percolate to the 
ground water, or increase soil water storage; or evaporate 
from the soil surface. In most agricultural areas, evapora­
tion accounts for a substantial amount of moisture which is 
lost for use by crops. Peters (1960) found, although pre­
cise measurements are difficult to take, evidence which indi­
cates that in the Midwest, where frequent showers occur, as 
much as 50% of the total water loss in a season can be 
accountable to evaporation from the soil surface. Therefore, 
decreasing soil water evaporation is one major means of con­
serving soil moisture and research efforts in this area, 
especially in areas of dryland agriculture, have been exten­
sive. In order to determine the potential for evaporation 
control, an understanding of the soil evaporation process and 
those factors which affect it is necessary. 
Lemon (1956) proposed that the process of soil water 
evaporation, from an originally wetted soil, be divided into 
three stages. The first stage is characterized by a rapid 
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constant loss of moisture. The second stage is one of rapidly 
declining evaporation rates. Stage three evaporation is fairly 
constant and is characteristically slow. Bond and Willis 
(1969) measured evaporation rates from wetted soils in the 
laboratory and results of their work, given in Figure 1, show 
the three stages quite clearly. 
The characteristics of each stage of evaporation are 
determined by the processes which control it. Hide (1954) 
and Kolasew (1941), cited by Lemon (1956), have described 
these processes for each stage. During first stage drying, 
macropores are full of water and moisture loss results in 
thinning of soil water films. Because water tensions are 
initially low, moisture flow in the liquid form is sufficient 
to allow for rapid and constant evaporation losses, and the 
soil evaporation rate approaches that from a free water sur­
face. This condition is maintained until tensions increase 
to a point when capillary flow cannot meet the evaporative 
demand at the soil surface. Richards and Wadleigh (1952) 
have determined that this point coincides with water tension 
levels present at the field capacity of most uncovered soils. 
As surface drying begins to occur and the resistance to vapor 
transfer through the developing thin dry layer begins, stage 
one drying rates end. 
Capillary flow and vapor flow through an increasingly 
thick dry surface soil layer combine to control moisture 
losses during second stage evaporation. Of all water moved 
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Figure 1. Soil water evaporation rate with time as affected by rates of surface 
residue (from J. J. Bond and W. O. Willis, 1969) 
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to the surface in the second stage, the fraction moved in the 
vapor state is near zero in the initial phase, but is nearly 
unity in the last phases. Consequently, substantial surface 
drying occurs during second stage evaporation. 
Temperature gradients complicate this process and can 
influence moisture loss rates significantly. Gurr, Marshall 
and Mutton (1952) have shown that liquid movement through 
capillaries was toward a higher temperature while vapor flow 
was toward a lower temperature when a temperature gradient 
was present in the soil. In the closed system net movement 
was toward the cooler temperature; however, a net loss of 
moisture occurred when evaporative losses to the atmosphere 
were allowed. Lemon (1956) cites work by Vassiliou and White 
(1953) who show that moisture movement through clay involves 
a process of evaporation and condensation within the pores 
of the material. Smith (1943) and Taylor and Cavazza (1954) 
have shown similar results upon studying moisture flow in 
soils due to temperature gradients. 
In the third stage of soil water evaporation, character­
ized by constant and slow rates of moisture loss, water flow 
in capillaries ceases to be of any real importance. Vapor 
diffusion is the primary mechanism of moisture movement and 
loss from the soil surface. During this stage, a soil layer 
or increasing thickness, which approaches air-dry moisture 
content, forms at the surface. The magnitude of the evapora­
tion potential at the soil surface has little influence on 
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soil water evaporation during the third stage (Lemon, 1956). 
Hide (1954) lists three ways in which water loss from 
the soil due to evaporation could be decreased. They are: 
(1) decreasing the amount of water which can be transported 
to the soil surface before surface drying occurs; (2) decreas­
ing the temperature of the upper fringe of the moist soil 
layer, thus decreasing the driving force for evaporation; and 
(3) increasing the thickness of the static layer of air and 
thus the resistance to vapor diffusion. 
Lemon (1956) observed that the greatest potential for 
decreasing soil water evaporation is during the first two 
evaporation stages. The potentialities he listed are: (1) to 
decrease turbulent transfer of water vapor to the atmosphere 
by allowing stubble to stand, adding mulch, and increasing 
soil surface roughness; (2) to decrease capillary continuity 
by tillage methods or chemical additives; and (3) to decrease 
capillary flow and water holding capacity of surface soil 
layers by chemical or organic additives. 
Conservation tillage practices which maintain maximum 
amounts of residues on the soil surface, reduce first stage 
evaporation by reducing the turbulent transfer of vapor to 
the atmosphere and by shielding the soil surface from direct 
solar radiation (Unger and Phillips, 1973). By reducing 
evaporation rates and lengthening first stage drying, plants 
can utilize some of the water in the surface layers. In 
addition, infiltration and the internal drainage of the soil 
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can be increased, thus permitting storage at greater depths 
where the water is not subject to evaporation. 
Studies of tillage effects on evaporation generally have 
been limited to dryland fallow or laboratory conditions. Some 
work has been done on lysimeters or on fallow areas in humid 
regions. The following discussion is limited to studies re­
porting on tillage effects on evaporation. 
The influence of conservation treatments on evaporation 
has been widely studied in dryland areas, where water is 
scarce and evaporation rates are high. Because of the com­
plexity of the evaporation and infiltration processes and the 
wide variation in weather conditions, results have been con­
tradictory (Army et al., 1961). 
Lemon (1956) conducted an experiment in Texas where 
plots were enclosed to prevent runoff and two types of residue 
mulches were tested for moisture conservation effects. No 
increase in moisture due to treatments occurred. Soil tem­
perature data analysis revealed that temperatures were not de­
creased under the mulches as expected, but were slightly 
increased- Later experiments revealed that: (1) the amount 
of radiant energy absorbed was equal for mulched or unmulched 
soil and (2) after sundown, radiation of heat from the bare 
soil exceeded that from mulched soil. The increase in tem­
perature was associated with increased evaporation offsetting 
the effects of the mulch. 
Kolasew's work, cited by Lemon (1956), showed that as 
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windspeed was reduced over the soil surface, temperature in­
creases accelerated evaporation rates which offset the effect 
of reduced turbulent transfer of water vapor from soil sur­
faces. Zingg et al. .(1952), using a portable wind tunnel in 
wind erosion work, altered ridge roughness, ridge orientation, 
stubble height, and amounts of residue and effectively changed 
the wind speed profile near the ground. Despite the reduction 
in speed they measured only very small soil moisture savings. 
Other researchers have measured increased soil moisture 
due to decreased evaporation associated with maintenance of 
surface residues and reduced tillage. Russel (1939), in 
an experiment near Lincoln, Nebraska, measured evaporation at 
several levels of surface residue. No significant increases 
in soil moisture (decreased evaporation) were measured over 
periods of sparse precipitation. However, residues on the 
surface markedly reduced losses by evaporation during periods 
of frequently recurring rains. During two periods in 1938 
(April 23 to May 24, and August 9 to September 8) when pre­
cipitation was favorable, the total loss by evaporation from 
mulched plots was 2.63 inches compared with 6.76 inches from 
plowed black fallow. Light mulch applications, 2 tons/A, were 
reported to be nearly as effective as applications of 4 and 
8 tons/A. 
Gardner (1959) studied the drying of soils and water flow 
into the soil surface and Hanks and Woodruff (1958) reported 
on the effect of mulches on evaporation as influenced by 
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windspeed. Based on laboratory studies these workers con­
cluded, as did Russel (1939), that the greatest potential for 
increased soil moisture storage due to reduced evaporation 
occurs during periods of frequent rainfall. 
Army et al. (1961) investigated the effect of maintaining 
surface residues with stubble-mulch tillage on soil moisture 
losses during the fallow period. Results from this study at 
Bushland, Texas showed that plant residues (3000 lb/A) greatly 
reduced the rate of drying of the soil surface. Residues, 
however, had little effect on moisture content below the 6-
inch depth. Soil temperatures were reduced slightly under 
mulch treatments, which would tend to reduce the energy avail­
able for evaporation. Mulches were effective in reducing 
evaporation significantly so long as soil surfaces remained 
wet. In general, the results minimized the role of mulches 
in moisture conservation with the exception of periods of fre­
quent rainfall, when surface residues prevent drying and im­
prove moisture storage by increasing infiltration and percola­
tion. If rains are infrequent, the cumulative moisture loss 
on a mulched plot lags, but eventually equals cumulative loss 
on bare soil plots. 
Adams (1966) evaluated the effect of mulches on runoff, 
erosion, and soil moisture depletion at Temple, Texas. He 
found surface evaporation from areas receiving 8 tons/A mulch 
treatments to be significantly less than from bare check 
areas- Mulches also influenced the moisture content of the 
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soil by their effect on water intake through the immediate 
soil surface. Compared to gravel, chemical, and gravel-
chemical mulch treatments the straw mulch was the most 
economical treatment which reduced evaporation and runoff. 
Greb et al. (1967) studied the effect of straw mulch 
rates on water storage during summer fallow. They used data 
from Montana, Nebraska, and Colorado in order to increase the 
area of application of the results. Net gains in soil water 
storage during fallow due to increased mulch rates varied 
from 1.3 to 3.3 cm at North Platte, Nebraska. More than 70% 
of the gain in moisture on mulched compared to bare fallow 
plots was stored below the 2 foot depth. These gains were 
made in the spring months of the fallow season. Somewhat 
larger gains occurred at the other locations. Maximum mulch­
ing rates were 3 tons of straw per acre. 
Stanholtz and Lillard (1969) evaluated the effects of 
two tillage systems on water use efficiency in Virginia. Soil 
moisture content was greater on mulched compared to unmulched 
plots in the 0- to 12-inch layer except in a period of ex­
tended drought. The greatest differences in total available 
moisture occurred early in the growing season. The authors 
attributed the early differences to reduced evaporation from 
the no-tillage plots. Differences later in the season were 
attributable to differences in runoff between treatments. 
Bond and Willis (1969) measured the effect of several 
rates of surface residue on evaporation rates. Evaporation 
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decreased with increasing residue rates (Figure 1). Applica­
tion of residues, however, lengthened the period over which 
first stage evaporation was maintained. After prolonged 
evaporation without rewetting, total moisture loss was nearly 
equal regardless of residue rate. Bond and Willis concluded 
that the benefit from surface vegetative mulches is roughly 
proportional to the number of times the soil is rewetted and 
water thus stored in the subsoil. 
Bond and Willis (1970) also measured evaporation rates 
during first stage drying with seven residue rates, from 0 to 
8 tons/A, and at six evaporation potentials (evaporation from 
a free water surface) ranging from 0.19 to 0.53 inches per 
day. With bare soil first stage evaporation rate averaged 
11% less than the potential for all cases. First stage 
evaporation was progressively decreased with increasing 
residue rates, and for rates greater than 2 tons/A, evaporation 
was low and similar for all evaporation potentials. Mean 
evaporation reduction as a percent of the potential was 22, 
38, 58, 74, and 83 for residue rates of 0.25, 0.50, 1, 2, 
and 4 tons/A, respectively. When first stage evaporation was 
allowed to progress to completion total evaporation was pro­
gressively greater for lower evaporation rates (higher resi­
due). This explains why, in dryland areas where periods be­
tween precipitation are long, surface residues are not es­
pecially effective in increasing soil water storage. Bond 
and Willis (1970) also determined the relationship between 
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rate of first stage drying and the length of time first 
stage evaporation is maintained. They suggest the relation­
ship would be useful in predicting soil water evaporation 
with empirical formulas, utilizing climatic data to charac­
terize potential evaporation. 
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METHODS AND MATERIALS 
This chapter includes discussion of the following: 
(1) experimental site locations and descriptions; (2) data 
collected; (3) the normal model used to derive the moisture 
stress indices; (4) modifications to the normal model and 
(5) derivation of a yield response curve to moisture. 
Field Experiments 
Three site locations in western Iowa were involved in 
this study. The locations shown in Figure 2 include: (1) the 
Moody Experimental Farm in Lyon County near Doon, Iowa, here­
after referred to as the Doon site; (2) the Castana Watersheds 
of the Western Iowa Experimental Farm in Monona County, near 
Castana, Iowa, hereafter referred to as the Castana site; and 
(3) the Treynor Watersheds in Pottawattamie County near 
Treynor, Iowa, hereafter referred to as the Treynor site. 
Since the experimental situation is different for each loca­
tion, the following discussion concerning site description and 
data collection is presented by location. 
Doon 
In 1956 a study was initiated at the Moody Experimental 
Farm, Doon, Iowa, to determine the effect of three meadow 
management techniques on soil moisture, and to determine the 
effect of any soil moisture differences on corn yield the 
following year. This was of interest in Northwest Iowa 
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Figure 2. Location of experimental sites; (1) Moody Experimental Farm, Doon, 
Iowa; (2) Castana Watersheds; and (3) Treynor Watersheds 
Figure 3. Field layout of the moisture-legume experiment, Moody Experimental 
Farm, Lyon County, Iowa 
MOODY EXPERIMENT FARM 
LEGUME-MOISTURE EXPT. 
Lyon County, Iowa 
Treatments (on second year meadow) 
Scale 1 Inch "TOO' 
Plot size 26-2/3'x80' 
Block size 106-2/3x120 
0 Bench Marks 
10 feet from plot corners 
Phase 
B C 
1957 0 C Ml Ml 
1958 Ml 0 C M2 
1959 M2 Ml 0 C 
1960 C M2 Ml 0 
1961 0 C M2 Ml 
w—w x m-
1. Meadow cut twice for hay, plowed in spring before planting corn 
2. Meadow killed in early fall following 2nd cutting of hay and 6-8" of 
regrowth 
3. Meadow killed in mid summer following first cutting 
4. Same as 1, plot to be used as part of state-wide moisture sampling studies, 
plot labeled (4) selected for sampling 
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because it is in a sub-humid climatic zone, where surplus 
moisture is rare and drought conditions are common. In this 
area, crop yields are limited more by available moisture 
than any other factor. 
Average annual precipitation at the farm is 24.74 
inches, based on the 30-year period from 1931-1960 (Shaw and 
Waite, 1964). Rainfall during the months of May through 
August averages 13.9 inches and has recently ranged from 
6.6 inches in 1958 to 20.3 inches in 1957. Evaporation for 
the Doon area averages 50 inches per year from a Class A 
Weather Bureau evaporation pan (U.S. Dept. of Commerce, 
1968). Nearly 80% of this evaporation occurs in the 
months May through October. Therefore, storage of moisture 
in the soil, where it is protected from evaporation, is an 
important aspect of crop production in Northwest Iowa. 
The soils of the study site are of the Moody series and 
are described by Oschwald et al. (1965). The Moody soils are 
formed from loess under the influence of prairie vegetation. 
The surface horizon is a very dark brown silty clay loam rang­
ing from 10 to 16 inches in thickness. The subsoil is a dark 
brown silty clay loam. The substratum is partly leached and 
is a yellowish-brown silty loam. These soils are well drained, 
moderately permeable and have a very high available water 
holding capacity. They occur on level to gently sloping 
topography and the slopes on the experimental plots average 3%. 
Figure 3 shows the field layout of the experiment. Plot 
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size was 26.6 x 40 feet or 0.0245 acres, block size was 106.6 x 
120 feet. The blocks were maintained in a corn-oats-meadow-
meadow rotation so that each block (A, B, C, or D) would 
represent one phase of the rotation. The numerals I, II, and 
III represent the replications of the meadow treatments which 
preceded the corn rotation. The treatments are: (1) meadow 
cut twice for hay and plowed the next spring before planting 
corn, (2) meadow killed early in the fall following the second 
cutting of hay and six to eight inches regrowth, (3) meadow 
killed in midsummer following the first cutting, and (4) the 
same as treatment 1, as used in the state-wide soil moisture 
sampling survey. 
Corn was planted as close as possible to May 5, the 
spring following the meadow treatments just described. Fer­
tilizers were applied to maintain soil fertility at reasonably 
high levels. By thinning after emergence plant populations 
were maintained at 12,400 plants per acre for the period 1956 
to 1964 and at 14,400 plants per acre for the period 1965 
to 1971. 
The date that 75% of the corn plants on a plot had silks 
was determined by direct in-the-field counts. Plant develop­
mental observations also were recorded with emphasis on the 
effect of the crop moisture status. 
Yield was calculated as bushels per acre of shelled corn 
at 15.5% grain moisture using standard conversion factors 
(Dyas, 1956). 
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Soil samples for moisture determination were taken at 
planting time on all corn plots. Fall moisture samples were 
taken when time allowed. On treatment 4, soil moisture 
samples were taken on April 1, June 1, August 1, and November 
1. Samples were oven-dried and moisture percentages calculated 
on a gravimetric basis. Samples were collected for each 1 foot 
increment of depth down to 7 feet, except for the first foot 
which was split to include a sample from 0 to 6 inches and 
one from 6 inches to 1 foot. 
It was necessary to express the soil moisture in terms of 
plant available water and to define moisture deficits in terms 
of the field capacity of the soils. Based on work by Richards 
and Weaver (1943), the wilting percentage of a soil is approxi­
mated by the moisture content of a soil sample which has been 
wetted, placed on a pressure membrane apparatus, and allowed 
to reach an equilibrium moisture content under 15 atmospheres 
of pressure. This method was used on soil samples collected 
for all sampled depths in 1956, and the resulting values were 
used as estimates of the wilting points. Field capacities 
were best estimated from spring soil moisture determinations. 
Bulk densities determined by Shaw et al. (1959) were used to 
convert all gravimetric soil moisture data to inches of water 
according to the formula: 
% moist. in. rep. soil bulk « 
Inches of water = density (g/cm ) 
TOO -vr UBlt Wt. Ofo 
^ water (g/coT) 
The wilting point and field capacity moisture percents were 
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also converted to inches of water and these values compared 
very well with those given by Shaw et al, (1972) for the Moody 
soils. The appropriate inches of moisture at the wilting 
point were subtracted from all the soil moisture values ex­
pressed in inches, so that all soil moisture data were ex­
pressed in inches of plant available water per unit depth of 
soil. 
Daily precipitation was measured on the experimental site 
with a standard 8 inch recording rain gage. Daily pan evap­
oration estimates were made from a state map on which iso-
evaporation lines had been drawn. These lines were based on 
observations from Class A Weather Bureau pans located in Iowa 
and bordering states (Shaw, 1963). 
Castana Watersheds 
In 1963 a small watershed study was initiated near the 
Western Iowa Experimental Farm, Castana, Iowa, to determine 
the effect of crop management techniques on the hydrologie 
cycle. A 26 acre tract having four natural basins was divided 
to form six watershed units ranging in size from 1.4 to 4.3 
acres. Figure 4 shows the orientation of the watersheds and 
the location of hydrologie instruments. 
Three soils occur on the study area and these are de­
scribed by Osehwald et al. (1965). The Ida soils occur on 
narrow divides and steep side slopes of 6 to 30%, with slopes 
of 10 to 20% being common. Ida soils are calcareous through-
NW WSHD. 
NE WSHD. 
LEGEND 
SINGLES EXPERIMENTAL 
WATERSHEDS 
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Figure 4. Castana Watersheds, Western Iowa Experimental Farm, Monona County, Iowa 
32 
out the profile and have no B horizons. In the uneroded 
areas, the surface layer is a very dark grayish-brown cal­
careous silt loam 6 to 10 inches thick. The substratum is 
yellowish-brown calcareous silt loam loess. In most culti­
vated areas, the surface has eroded to expose the substratum. 
Monona soils occur on the gently sloping ridges and some 
strongly sloping side slopes. Slopes of 5 to 14% are most 
common for the Monona soils. The surface layer is a very dark 
brown silt loam 8 to 14 inches thick, however, it is often 
partly or entirely removed by erosion. The subsoil is a dark 
brown to brown silt loam. The substratum is silt loam loess 
which is calcareous at depths of 30 to 100 inches. 
Napier soils are formed on the colluvial alluvial material 
deposited on the foot slopes and along upland drainageways. 
These soils occur on slopes of 1 to 10%. Napier soils have 
a very dark brown silt loam surface layer, 20 to 30 inches 
thick, and a dark brown silt loam subsoil and substratum. 
Recent sedimentation has occasionally formed new surface layers 
up to 10 inches thick on the Napier soils. 
The Napier, Monona, and Ida soils are all well drained 
and very permeable. They have high plant available water 
holding capacities, which is due in part to the depth and 
texture of the loess underlying these soils. The topography 
is steeply rolling and when cultivated these soils are highly 
erodible. 
For the period 1963 through 1966 all six watersheds were 
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farmed uniformly to allow calibration of the hydrologie char­
acteristics of each watershed. In 1967, watershed treatments 
were altered as given in Table 1. At the first cultivation, 
ridges were constructed on watersheds 1 and 5 while normal 
surface contour corn management was maintained on watersheds 
2 and 4. The two remaining watersheds were maintained in 
permanent meadow. Each year after 1957 stalks were chopped 
on the corn watersheds in the spring. Surface contoured 
watersheds were plowed, disked, and harrowed before planting. 
Ridged watersheds were planted to corn without tillage before 
planting; however, some years it was necessary to reshape some 
of the ridges where runoff had broken through. All corn water­
sheds were cultivated at least once per season. Soil fer­
tility was maintained through adequate fertilization. 
Six corn yield plots were located, before plant emergence, 
on each of the four corn watersheds. These were placed adja­
cent to soil moisture access tubes such that two plots were 
at the top of the slope, two were at midslope, and two were 
at the foot of the slope. Plots were then classified as to 
soil type. 
Corn yields were determined from each plot using a pro­
cedure similar to that used at the Doon plots. Date of 75% 
silking was determined by field observation. No attempt was 
made to control plot to plot variation in plant population. 
Soil moisture conditions were monitored at each soil 
moisture access tube at 2-week intervals over each growing 
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Table 1. Description of the Castana Experimental Watersheds, 
Castana, Iowa 
Water­
shed 
Loca­
tion Size (acres) Cropping Land treatment 
1 NM 4.33 (3.68)* Corn Ridge farming 
2 NE 2.21 (2.09) Corn Contouring 
3 SE 1.36 Grass Permanent cover 
4 SM 1.93 (1.68) Corn Contouring 
5 SW 2.70 (2.23) Corn Ridge farming 
6 NW 3.52 Grass Permanent cover 
) = crop area. 
season since 1963. Location of the access tubes is shown in 
Figure 4. Both nuclear Chicago and Troxler neutron scattering 
moisture probes were used for this sampling. Soil moisture 
determinations by neutron scattering are on a volumetric per­
cent basis, and these were easily converted to inches of water 
per unit depth of soil. These moisture values were than con­
verted to the plant available basis by subtracting the appro­
priate amount of moisture at the wilting point. The wilting 
points and field capacities of the soils occurring at this site 
were taken from Shaw et al. (1959). 
Daily precipitation, temperature, and Class A Weather 
Bureau pan evaporation were measured on the watershed area by 
personnel from the Western Iowa Experimental Farm. 
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Treynor Watersheds 
In 1968 a study was established on one of the five Trey-
nor Watersheds, Treynor, Iowa, to determine the effect of 
level terraces on soil moisture distribution and moisture 
utilization by corn. The experimental site was a level ter­
raced watershed (Watershed 4) under hydrologie study by the 
Agricultural Research Service, Soil and Water Conservation 
Research Division in cooperation with the Iowa State University 
Agriculture and Home Economics Experiment Station and the Iowa 
Committee for Agricultural Development. 
The soils of this area are the same as those occurring in 
the Castana Watersheds area. The topography is not as steeply 
sloping, however, side slopes in this deep loess area average 
from 10 to 20% and erosion is a serious problem. 
Sets of four corn yield and moisture measurement plots 
were established on each of nine different terraces of Water­
shed 4 (Figure 5). Within each set of four plots two were 
placed in terrace channels and two in terrace intervals as 
shown in Figure 6. The locations (terrace channels vs terrace 
intervals) were the treatments. Plots were classified as to 
soil type after initial establishment. 
Corn yield was determined each year for each plot using 
the method described earlier. Data of 75% silking was de­
termined by field observation. No attempt was made to control 
plot to plot variation in plant population. Cultural prac­
tices were uniform for all plots and included the conventional 
36 
Figure 5. Level terraced Watershed 4, Treynor Iowa Water­
sheds, Pottawattamie County, Iowa 
TERRACE TERRACE 
interval CHANNEL 
SOIL SURFACE TERRACE INTERVAL 
PLOT 
SOD STABILIZED 
TERRACE BACKSLOPE 
TERRACE CHANNEL 
PLOT w "4 
MOISTURE ACCESS 
PIPES 
Figure 6. Cross-sectional diagram of two terraces showing the relative location 
of field plots 
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practices of spring stalk chopping, plowing, double disking, 
harrowing, and planting. Soil fertility was maintained at 
high levels through generous fertilizer applications. 
Soil moisture access pipes were placed adjacent to each 
corn yield plot to a depth of 6 feet. Soil moisture was 
then measured at 2-week intervals throughout the growing 
season with a Nuclear Chicago neutron moisture meter. Con­
version of soil moisture values to inches available per unit 
depth was accomplished as explained for the Castana Watersheds 
plots. 
Daily precipitation, temperature, and Class A Weather 
Bureau pan evaporation were measured on the experimental site 
by field personnel of the Agricultural Research Service. 
In summary, corn yield, soil moisture, and precipitation-
evaporation data were collected from three sites in Western 
Iowa. Corn yield-soil moisture data used in this study in­
cluded 14 years' data (9 plots per year for the period 1958 
through 1971) from the Moody Experimental Farm, 5 years' data 
(24 plots per year for the period 1967 through 1971) from the 
Castana Watersheds, and 4 years' data (36 plots per year for 
the period 1968 through 1971) from Treynor Watershed 4. The 
soil moisture data are given in Appendix A. 
The Simulation Model 
Basically, the objectives of this study were to first 
develop a yield response curve to moisture with wide applica­
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tion in Western Iowa and, secondly, evaluate the potential of 
watershed moisture conservation treatments in terms of crop 
production. Therefore, a simulation model was required which 
would compute a moisture stress index which would account for 
the integrated effect of weather and soil moisture on corn 
yields. The model would also have to be adaptable to allow 
modification of the hydrologie assumptions, specifically, 
runoff and evaporation. It could then be used to calculate 
adjusted indices, based on the new assumptions, and these 
indices would lead to potential yield estimates. A simulation 
model fitting these requirements was available and it has been 
described in detail by Dale and Hartley (1963) and Corsi and 
Shaw (1971). Corsi (1969) found the stress indices produced 
by this model to be highly correlated with corn yields, and 
Shaw (1963) found that soil moisture estimates calculated by 
the same procedure were highly correlated with actual soil 
moisture amounts. A description of the procedure is given 
below. 
The soil moisture simulation model involves daily budget­
ing of moisture. Hydrologie phases included in the procedure 
are precipitation, runoff, infiltration, evaporation, soil 
moisture redistribution, and transpiration. The soil phase of 
the model is characterized by a 5-foot profile divided into 
ten 6-inch layers. Each layer is assigned a plant available 
water capacity (PAWC) depending on soil type, and has an amount 
of plant available water (PAW). The percent of available 
40 
water, a ratio of PAW to PAWC, is a measure of soil moisture 
reserves. Atmospheric conditions are characterized by open 
pan evaporation values. A ratio of open pan evaporation to 
potential évapotranspiration (ET) of corn (Shaw, 1963) is the 
measure of atmospheric moisture demand. Daily transpiration 
losses are estimated using a relationship between moisture 
reserves and ET. Rainfall additions minus losses due to the 
other hydrologie phases complete the budgeting procedure. 
A flow chart of the computer programmed budgeting proce­
dure (Figure 7) from Morris (1972) will aid a more detailed 
description of the procedure. Initial values required include 
a starting date, a PAW value for each layer on the starting 
date (from field measurements), a PAWC value for each layer, a 
silking date, and a set of daily precipitation and evaporation 
measurements for the period to be evaluated. The silking date 
is used to adjust calendar dates to fit the phenological dates. 
This adjustment serves to slide the ET to open pan evaporation 
ratio into proper position. 
The detailed description will start at the precipitation 
stage although a new day actually starts later in the program 
(increment IDTE). For this reason, no moisture deductions are 
made for the starting day, and stress measurements cannot be 
calculated. On all days thereafter a full daily cycle, includ­
ing computation of all phases, is completed. For the purpose 
of description it is assumed the program is not calculating 
for the starting date. 
Figure 7. Simplified unmodified model flow chart (from 
Morris, 1972) 
Legend: 
IDATEl - actual starting date (date of initial 
soil moisture estimate) 
IDATE2 - actual silking date 
PAWC - plant available water capacity 
EVEC - vector of daily pan evaporation values 
PVEC - vector of daily rainfall values 
IDTE - phenological day counter 
PCP - daily rainfall value 
PCPN - daily net rainfall value 
RNF - runoff 
ET - unstressed évapotranspiration 
STET - stress évapotranspiration 
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Precipitation (PCP) is tested each day. If none has 
occurred, net precipitation (PCPN) is given the value zero. 
If precipitation has occurred, a test is made on the amount. 
If it is less than 0.5 inches, then PCPN = PCP. If it is 
greater than 0.5 inches, deductions may have to be made for 
runof f. 
The procedure used to calculate runoff is based on a 
relationship between runoff and several runoff-producing 
factors presented by Kohler and Linsley (1951). Using this re­
lationship and Iowa field data. Buss and Shaw (1960) developed 
the relationship shown in Figure 8, which gives runoff as a 
function of rainfall and the antecedent precipitation index 
(API). 
Two equations for calculating the antecedent precipita­
tion index were finally developed and are now used. They 
are: 
API = P^/di + Pg/dg + ... + P^/d. + VJ2 (1) 
api = pi/d-i + pg/dg + ... + p^/d^ (2) 
where P^ is the amount of precipitation that occurred i days 
prior to the day being considered,~d^ is the corresponding 
number of days, and Pq is the precipitation amount for the day 
being considered. The Pq term is used when precipitation is 
1 inch or greater. On subsequent days Pq/2 is kept in the 
expression as Pj^. 
Equation 1 is used to estimate runoff in the spring and 
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Figure 8. Prediction of runoff from precipitation and antecent precipitation 
index (from Shaw, 1963) 
45 
early summer when sparse cover and high intensity rainfall 
combine to increase runoff. After July 31, good crop cover 
and lower intensity rainfall result in reduced amounts of 
runoff, and equation 2 is used for runoff estimates. Esti­
mated runoff is then subtracted from PCP to give PCPN. 
Infiltration and percolation of PCPN is accomplished by 
filling each layer, from the surface downward, to its PAWC 
until PCPN is gone. If all layers are at PAWC before PCPN is 
depleted, then the remaining amount is assumed to percolate 
out of the profile. At no time is any layer, except for the 
surface layer, allowed to hold more than its PAWC and infil­
tration and percolation of PCPN must occur on the day the 
precipitation occurred. 
Following infiltration, the phenologic date (IDTE) is 
tested. If IDTE falls in the period starting approximately 
6 weeks before and ending 3 weeks after the date of 75% 
silking, then stress indices are computed. Corn yields are 
highly correlated with moisture stress applied during this 66 
day period (Corsi and Shaw, 1971). 
Basically, two stress indices are calculated, Denmead 
and Shaw (1962) established a relationship between the amount 
of transpiration which occurs at PAWC and the amount of soil 
moisture in the corn root zone at the corn turgor loss point 
(Figure 9). Because turgidity is necessary for growth, it is 
assumed that a stress day occurs if the combination of soil 
moisture and evaporative demand does not allow the potential 
Figure 9. Amount of moisture in the corn root zone at the estimated corn turgor 
loss point as a function of the transpiration at field capacity (from 
Denmead and Shaw, 1962) 
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water loss. The degree to which this condition occurs is 
given by the ratio 
RATIO = ^  
where TE is the percent of PAWC in the corn root zone required, 
at existing atmospheric demand, to prevent plants from losing 
turgor. If RATIO is > 1.00, no stress has occurred. If 
RATIO is < 1.00, stress has occurred. The value of daily 
stress (ST) is therefore 0.0 if RATIO is > 1.00. The value 
of ST if RATIO is < 1.00 is the difference between 1.00 and 
RATIO. 
The second stress index is based on the relationship 
between actual évapotranspiration (STET), as limited by soil 
moisture and atmospheric demand, and the potential évapo­
transpiration (ET). The rational is that under conditions 
where ET can occur, yields will not be limited by water. 
When moisture shortages occur or atmospheric demand is ex­
cessive, évapotranspiration is reduced from the potential, 
and yield will consequently be reduced. Since this stress 
index involves a ratio of actual to potential évapotranspira­
tion, it is named relative transpiration rate (RTR). Daily 
values of RTR are calculated according to the formula: 
RTR = 1 -
where STET is the stressed rate of évapotranspiration. Both 
ET and STET are calculated in a later phase of the daily 
budgeting procedure and will be discussed later. 
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Two alterations in the two stress indices described (ST 
and RTR) lead to a total of eight indices calculated. One 
alteration involves first using PAW from the entire rooting 
zone to compute an index and then, using the largest value of 
PAW in the root zone versus PAW in the top foot of the soil 
profile, to compute a variation of the same basic index. The 
second alteration involves using two different 66 day periods 
over which uaily stress values are summed. One period is 
based on a phenologic measure of time and the second is based 
on calendar dates. A legend of the eight indices is given 
below where : 
PAW 
ST or STR indicates 1 - is used 
RT or RTR indicates 1 - is used 
C indicates that calendar dates set the period 
P indicates that phenologic dates set the period 
M indicates that the maximum value of PAW in the top 
foot or PAW in the entire root zone was used. 
The indices are: 
(1) STRC (5) STRP 
(2) STCM (6) STPM 
(3) RTRC (7) RTRP 
(4) RTCM (8) RTPM 
After the completion of stress calculation a line of 
daily values is printed. Included are daily amounts of rain­
fall, pan evaporation, runoff, potential and actual evapo-
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transpiration, daily values of the stress indices, estimated 
PAW for each layer, and the total PAW in the profile. 
Following the incrementation of the day counter (IDTE), a 
test is made to determine if the end of the season has arrived. 
If it has, a site summary is printed which includes the sum of 
the daily stress values for the appropriate 66 day periods. 
If the season is not over, a test is made which determines the 
method and amount of evaporation or évapotranspiration extrac­
tion. If the date is June 7 or earlier, moisture use by the 
crop is either zero or negligible, and evaporation from the 
surface soil layer must be estimated. If moisture is avail­
able in the top layer, the daily evaporation rate for the 
spring period is assumed to be 0.10 inch. If the PAW falls 
to less than 0.10 inch, the remaining amount is removed. 
For all dates after June 7, potential évapotranspiration 
(ET) and stressed évapotranspiration (STET) are calculated. 
Potential évapotranspiration is calculated by multiplying 
daily pan evaporation by a factor obtained from Figure 10. 
This curve represents conditions where soil moisture may limit 
surface evaporation but not évapotranspiration. This curve 
was adjusted to align with phenologic dates early in the pro­
gram. The value of ET obtained must be further evaluated to 
arrive at estimates of STET. 
The amount of STET which may occur is a function of the 
soil moisture reserve (percent PAWC) and the evaporative de­
mand (pan evaporation). Denmead and Shaw (1962) developed 
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Figure 10. Ratio of évapotranspiration of corn to open-pan 
evaporation throughout the growing season where 
root zone moisture does not limit évapotrans­
piration (from Denmead and Shaw, 1959) 
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empirical relationships between évapotranspiration rates and 
soil moisture at varying evaporative demand conditions and 
Shaw (1963) presented these relationships graphically for 
three rates of atmospheric demand (Figure 11). The August 1 
date represents the approximate time that vegetative growth 
ceases and reproductive growth begins. Denmead and Shaw 
(1962) found that after August 1, a different effect of 
atmospheric stress was evident. The two graphs in Figure 11 
reflect this pre- and post-August 1 situation. Stressed 
évapotranspiration (STET) is calculated by multiplying poten­
tial évapotranspiration (ET) by the relative transpiration 
rate (RTE) from Figure 11. 
Removal of STET from the root zone is based on an em­
pirical extraction schedule (Table 2). If a layer is not 
able to supply the moisture required, the quota is filled 
from other layers in the root zone which have some PAW. 
If some PAW remains in the surface layer at the conclu­
sion of STET extraction, the difference between ET and STET, 
but not more than 0.10 inches, is removed as evaporation. 
This completes the daily cycle and the program returns to 
the precipitation phase. 
Modifications of the Simulation Model 
The potential effect of moisture conservation treatments 
on two phases of the hydrologie cycle are considered in this 
study. Conservation treatments are evaluated by modifying the 
Figure 11. Relative transpiration rates (RTR) for different 
atmospheric demand rates. Top diagram is for 
days prior to August 1; bottom diagram is for 
August 1 and'*iater. Atmospheric demand rates 
are based on daily pan evaporation rates: 
less than 0.2, between 0.2 and 0.3, and greater 
than 0.3 inches of water per day for low, medium 
and high rates, respectively (from Shaw, 1963) 
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Table 2. Moisture extraction from soil profiles during the 
growing season. Values for each date are given as 
the percentage of stressed évapotranspiration 
(STET) that is removed from each of the depths 
listed (from Shaw, 1963) 
Dates 
Percent of STET 
which comes from 
respective depths 
Depths from which water 
was extracted 
To June 7 
June 8-14 
June 15-27 
June 28-July 4 
July 5-11 
July 12-18 
July 19-25 
July 26-Aug. 1 
After Aug. 1 
100 
100 
67.7, 33.3 
60, 20, 20 
60, 20, 20 
60, 15, 15, 10 
60, 15, 15, 10 
1st 6 inches 
1st foot (equally from 
each 6 inches) 
1st, 2nd foot 
1st, 2nd, and top half 
of 3rd foot 
1st, 2nd, and 3rd foot 
1st, 2nd, 3rd, and top 
half of 4th foot 
1st, 2nd, 3rd, and 4th 
foot 
60, 10, 10, 10, 10'^ 1st, 2nd, 3rd, 4th, and 
upper half 5th foot 
60, 15, 15, 10' 1st, 2nd, 3rd, and 4th 
foot 
60, 10, 10, 10, lO'^ 1st, 2nd, 3rd, 4th, and 
5th foot 
60, 15, 15, 10 1st, 2nd, 3rd, and 4th 
foot 
^sed only if first 4 feet all have < 50 percent avail­
able moisture. 
^Used if any of first 4 feet have < 50 percent available 
moisture; however,after Aug. 1, the percent available is al­
ways computed on the total available water in the 5-foot 
profile. 
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appropriate sections of the model just described. The modi­
fied model is then used to arrive at new estimates of soil 
moisture, stress indices, and corn yield. 
Many conservation tillage methods have been developed. 
The purpose of these systems is to create as good an environ­
ment as possible for the crop while optimizing conservation of 
soil and water. Wittmuss et al. (1973) have listed the fol­
lowing objectives for conservation tillage: 
1. Reduce tillage operations to a minimum without 
reducing stand, weed control, or crop yield. 
2. Pack seed in undisturbed soil and cover with loose 
soil for earlier and more positive germination. 
3. Reduce soil compaction by reducing the number of 
field trips and tillage operations. 
4. Leave residue on the soil surface to reduce wind 
and water erosion hazard. 
5. Eliminate tillage prior to planting and reduce 
tillage to a minimum at planting to keep soil 
moisture evaporation losses to a minimum. 
6. Plant in ridge to place seed in warmer soil which 
is better drained. 
7. Remove crop residue over the row to prevent residue 
decomposition products from coming in contact with 
the seed or growing plant. 
Modifications could possibly be made for several differ­
ent conservation tillage systems; e.g., till plant, no till, 
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mulch tillage, and minimum tillage. Tillage systems are de­
signed to solve problems present in particular areas and it 
was assumed in this study that a single set of assumptions 
would be made to test the optimum system. 
Runoff 
Based primarily on results by Moldenhauer and Wischmeier 
(1960) and Taylor et al. (1964), a restriction was placed on 
the runoff procedure previously described. This modification 
represents an optimum conservation treatment with the ability 
to minimize runoff through increasing infiltration and surface 
detention. 
In the simulation model, runoff was not allowed to occur 
for rainfall amounts of less than 2 inches with one exception. 
If all layers in the profile were at the PAWC previous to the 
event, or the PAWC was reached before the precipitation amouat 
had been infiltrated, excess precipitation was allowed to 
run off. For rainfall amounts over 2 inches, runoff was re­
duced to 50% of that estimated by the standard model proce­
dure. This runoff assumption was applied only to the Treynor 
and Castana locations. 
Evaporation 
Substantial amounts of moisture are lost from the soil by 
evaporation. Evaporation losses may be especially high during 
the spring fallow period on land where conventional tillage 
practices are used. In Western Iowa, frequent wetting of the 
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bare soil surface and high daily evaporative demand in the 
spring tend to maintain high daily rates of surface evapora­
tion. Any conservation tillage practice which would control 
these water losses in the critical spring period has good 
potential for increasing moisture available for crop use. 
Work by Bond and Willis (1969) and Bond and Willis (1970) 
were used as a basis for the evaporation phase modification. 
They examined the effect of six rates of residue on soil water 
evaporation at six levels of evaporation potential (Figure 12). 
With no surface residue, evaporation rates averaged 89% of 
potential rates, where the potential was the measured evapora­
tion rate from a free water surface. As residue rates in­
creased, evaporation rates decreased, and for amounts of 
residue greater than 2 tons/A, evaporation was low and similar 
for all evaporation potentials. 
The aforementioned data apply only to first or constant 
stage evaporation. The length of time first stage drying can 
be maintained varies with the evaporative rate (Figure 12). 
When first stage drying ceases, the evaporation rate drops to 
very low levels. Figure 1 shows the form of the drying curve 
and the water loss rates for an evaporation potential of 1.0 
cm per day. 
By examining rainfall data for all years involved in the 
study, it was determined that the average length of period 
g 
between precipitation events (more than 0.1 inch rainfall) was 
slightly more than 7 days. At the driest site the longest 
en (o 
RESIDUE RATE (T/ac.) 
Figure 12. First stage evaporation rate as Influenced by surface residue rate 
for evaporation potentials of (a) 0.19, (b) 0.22, (c) 0.26, (d) 0.28, 
(3) 0.44, and (f) 0.53 cm/day (from Bond and Willis, 1970) 
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period between precipitation events was 20 days in 1963. On 
this basis, the assumption was made that with proper residue 
management first stage drying could be maintained over the 
period April 15 through June 6 for all years. 
The amount of residue which remains on the surface is a 
function of the stover yield from the previous corn crop, 
tillage system, corn variety, and many other uncontrollable 
factors. For modeling purposes, it was assumed that 3 tons/A 
stover residue were on the soil surface from April 15 to 
May 5 (planting). After planting it was estimated that 
2 tons/A remained on the soil surface. These values were 
used to determine the degree of evaporation reduction. 
With 2 tons/A of residue, the actual evaporation rates 
were similar for potential evaporation rates of from 0.19 to 
0.29 inches (Figure 12). This was also true for 3 tons/A of 
residue. On the average, the actual evaporation rate was 25% 
of the potential rate with 2 tons/A of residue and was 16% of 
the potential rate with 3 tons/A of residue. These percent­
ages were used to reduce pan evaporation to actual evaporation 
in the modified simulation model. Therefore, daily surface 
evaporation was equal to 16% of the pan evaporation for the 
period April 15 through May 5 and was equal to 25% of the 
pan evaporation for the period May 5 through June 5. 
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Data Analysis 
Soil moisture and weather data from the Doon, Castana, 
and Treynor sites were processed with the unmodified moisture 
budgeting program. Stress indices were thus generated for 
each site from which soil moisture and corn yield data had 
been collected. 
Regression analysis was employed to determine which 
stress indices best explained the variation in corn yield. 
Each location was treated separately in the analysis. Al­
though different experimental designs were used at each loca­
tion, the objectives of each experiment were similar. Treat­
ments were applied to study the resulting effect on soil mois­
ture and yield. Management and fertility were adequate and 
similar for each location. Therefore, stress and yield data 
from all locations were included in a combined analysis. 
Regression analysis was also used to characterize the 
relationship between corn yield and the indices which best 
explained the variation in corn yield. This analysis was 
completed by location and with the combined data. The result­
ing equations were then used to estimate corn yield from 
moisture stress values generated by the normal and modified 
moisture program under various assumptions. 
It was of interest to evaluate the effect of both normal 
and modified tillage management over a wide range of weather 
conditions and spring soil moisture conditions. 
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Long term weather records were available for the Doon and 
Castana locations and, using 14 and 21 years* weather records 
from Doon and Castana, respectively, a wide range of weather 
conditions were examined. Long term records were not avail­
able for the Treynor watershed, and, although Treynor data 
were used to develop the yield response curve to moisture, 
Treynor data were not used in this analysis. 
Three spring soil moisture levels were evaluated (Table 
3). These were 100, 50 or 40, and 20% of the plant available 
water capacity (PAWC). Plant available water capacity varied 
with soil type; however, it was not desirable to test the 
model for each soil type. The Monona soil was chosen as 
representative of the Castana and Treynor areas and the PAWC 
for the Monona soil was used in the model when Castana weather 
records formed the basis of the analysis. The PAWC for the 
Moody soil type was used when Doon weather records formed 
the base of the model analysis. 
The distribution of predicted corn yields was calculated 
for various combinations of location, weather, soil moisture, 
and watershed tillage treatments. 
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Table 3. Inches of plant available water with depth present 
in the Monona and Napier soils at three levels of 
the plant available water capacity of the respec­
tive soils 
% of PAWC 
Depth 
(ft) 
Monona Napier 
100 50 20 100 40 20 
0.0-0.5 1.10 0.80 0.60 1.25 0.80 0.60 
0.5-1.0 0.97 0.75 0.40 1.25 0.75 0.45 
1.0-1.5 0.83 0.70 0.30 1.00 0.70 0.35 
1.5-2.0 0.82 0.50 0.20 1.00 0.60 0.30 
2.0-2.5 0.83 0.54 0.10 1.00 0.40 0.20 
2.5-3.0 0.80 0.40 0.05 1.00 0.30 0.10 
3.0-3.5 0.83 0.35 0.05 1.00 0.20 0.05 
3.5-4.0 0.88 0.30 0.00 1.00 0.15 0.05 
4.0-4.5 0.82 0.25 0.00 1.00 0.10 0.00 
4.5-5.0 0.73 0.20 0.00 1.00 0.10 0.00 
64 
RESULTS AND DISCUSSION 
Yield Response Curve to Moisture 
The objective of this part of the study was to develop 
an equation or equations which would characterize the rela­
tionship between corn yields and moisture stress. It was 
desirable to use the moisture stress index or indices which 
best explained the variation in corn yield and, if feasible, 
to combine the data and develop one prediction equation for 
use over the entire western Iowa thick loess area. Also, by 
combining the Doon, Castana, and Treynor data, a wider range 
of actual moisture stress conditions would be included in the 
analysis. The resulting relationships would be applicable over 
a wide range of moisture stress conditions. 
Simple correlation 
The simple correlation coefficients between corn yield 
and moisture stress for the Doon, Castana, Treynor, and the 
combined data are given in Table 4. 
In northwest Iowa, moisture, more than any other factor, 
limits corn yields. This was reflected in the high correla­
tion coefficients between all stress indices and corn yields 
for the Doon location. The highest correlation, -0.86, was 
found using a turgor loss stress measurement. Stress mea­
sures based on relative transpiration rate were also well 
Table 4. Correlation coefficients (r) between corn yields and eight moisture stress 
indices^ for three locations in western Iowa 
Observa-
Index STRC STCM RTRC RTCM STRP STPM RTRP RTPM tions (N) 
Doon -0.80** -0.82** -0.73** -0.73** -0.86** -0.85** -0.83** -0.82** 126 
Castana -0.70** -0.64** -0.60** -0.51** -0.75** -0.70** -0.71** -0.62** 120 
Treynor -0.53** -0.53** -0.51** -0.51** -0.54** -0.54** -0.51** -0.51** 140 
Combined -0.80** -0.80** -0.77** -0.74** -0.83** -0.83** -0.82** -0.74** 386 
^The indices are discussed in the Methods and Materials chapter of this thesis. 
**Significant at the 1% probability level in this table and throughout 
this thesis. 
66 
correlated with yield. 
At the Castana location, correlations between stress 
indices were not as high as at Doon. This was the result of 
large variation in yields associated with plant populations 
at low moisture stress levels. However, correlation coeffi­
cients were still relatively high, with values ranging from 
-0.51 with RTCM to -0.75 with STRP. 
The lowest correlations between stress indices and corn 
yield were obtained from the Treynor data. Only a narrow 
range of moisture stress was experienced over the period of 
study at Treynor, and the variation in corn yields was well 
correlated with plant population. The Treynor data were still 
considered useful as they helped define the yield-stress rela­
tionship at low stress levels. 
Correlation coefficients between stress indices and corn 
yield were high when the Treynor, Castana, and Doon data were 
combined. The index STRP gave a value of -0.83 with yield and 
the indices STPM and RTRP gave coefficients of -0.83 and 
-0.82, respectively. 
In all cases, the correlation coefficients were signifi­
cant at the 1% level. Indices evaluated on a phenologic basis 
were consistently better correlated with corn yield than those 
evaluated on a calendar basis. 
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Multiple regression 
Initially, the Treynor and Castana data were combined 
for analysis. The Doon data could not be included because 
the soil type at the Doon site was different than those at 
the Treynor and Castana sites and a soil-stress interaction 
was examined. Results of the regression analysis when the 
2 
model included stand, stress, stress , and a stress-soil 
interaction term are given in Table 5. 
Inclusion of the Doon data in a combined analysis was 
contingent on the nonsignificance of the stress-soil inter­
action term. The moisture budgeting procedure allowed for 
differences in the moisture relationships between soils and 
the nonsignificance of the term in the analysis (Table 5) in­
dicates the stress indices are well adjusted for these 
differences. 
In other analyses of the combined.Castana and Treynor 
data, which included terms for location, soil, stand, stress, 
2 
stress , and stress-location interaction, the soil term was 
nonsignificant at the 5% level when taken after the other 
terms. The location term was consistently significant at 
the 1% level in analyses involving each of the stress in­
dices. On the basis of these results, which are given in 
Appendix B, it was decided to include a soil-location term to 
adjust for soil and location effects in the combined regres­
sion analysis. 
Results of the combined analysis for all stress indices 
Table 5. Multiple regression equations of yield on the indicated variables for 
stress indices 1 through 8; the Treynor and Castana data were combined 
for this analysis 
Variable STRC STCM RTRC RTCM STRP STPM RTRP RTPM 
Intercept 4. 55 3. 30 3. 51 18. 3 49. 9 37. 4 43. 4 26.5 
Stand 5. 47** 5. 64** 5. 83** 6. 05** 5. 30** 5. 53** 5. 53** 5.78** 
Stress —2 • 20** -1. 32* -0. 67 0. 47 — 2. 48** -1. 72** -1. 30* -0.17 
2 Stress -0. Oil** — 0. 039** -0. 033** -0. 057** 0. 0004 -0. 020 -0. 019* -0.042** 
Stress X 
soil -0. 037 0. 074 -0. 033 0. 034 0, 008 0. 080 0. 023 0.078 
r2 0. 68 0. 66 0. 65 0. 62 0. 72 0. 69 0. 70 0.67 
F ratio 78. 2** 69. 9** 66. 9** 58. 0** 41. 1** 79, 8** 85. 7** 71.5** 
•Significant at the 5% probability level in this table and throughout this 
thesis. 
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are given in Table 6. The complete analysis of variance 
tables can be found in Appendix B. In all cases, except for 
the index RTCM, partial regression coefficients for the stress 
indices were significant at the 1% level of probability. 
2 Stress coefficients were also significant except for the STCM 
and STPM indices. When the stress coefficients were signifi-
cant at less than the 1% level, the stress coefficients were 
significant at the 1% probability level. 
2 The r values, which indicate the degree to which the 
model variables explained the variation in corn yield, were 
0.72, 0.76, and 0.75 for the STEP, STPM, and the RTRP indices. 
The indices STEP and RTRP and their associated regression 
equations, as given in Figure 13, were chosen as prediction 
equations for the analysis which follows. The mean level of 
stand (15,000 plants per acre) over all test plot data was 
used in the equations as shown for prediction purposes. 
Effect of Soil Moisture on Yield Estimates 
In this section the results of varying the April 15 soil 
moisture levels on projected corn yields are presented and 
discussed. Three theoretical soil moisture levels were in­
vestigated for each of the 14 and 21 years of Doon and Castana 
weather data, by means of the moisture budgeting procedure. 
The resulting stress indices were used to calculate projected 
corn yields according to the prediction formula, y = 140.3 -
2 1.83 RTRP - 0.013 RTRP , which expresses corn yield as a 
Table 6. Multiple regression equations of yield on the indicated variables for s 
stress indices 1 through 8. The full data set, Doon, Castana, and 
Treynor, were combined for this analysis 
Variable STRC STRM RTRC RTCM STRP STPM RTRP RTPM 
Intercept 69.91 
Stand 4.55** 
Stress -3.32** 
0.011* 
r- 0.73 
F ratio 111.9** 
Stress 
2 
53.93 59.35 37.85 70.80 56.33 66.39 46.15 
4.98** 4.88** 5.34** 4.44** 4.81** 4.62** 5.08** 
-2.57** -1.56** -0.38 -3.15** -2.49** -1.83** -0.86* 
-0.009 -0.017* -0.043** 0.010* -0.007 -0.013* -0.034** 
0.73 0.67 0.66 0.77 0.76 0.75 0.72 
111.8** 83.8** 79.4** 140.9** 135.2** 123.5** 109.0** 
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moisture stress indices STRP and RTRP 
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function of the stress index RTRP. The stress indices and 
resulting corn yield estimates given in this section are based 
on conventional tillage assumptions. Tabulated results of 
these analyses are in Appendix C. 
Doon 
Yield estimates Yield estimates for three levels of 
April 15 soil moisture are presented in Figure 14. Tabular 
results of this analysis are presented in Appendix C, 
The first case tested was the condition having 100% of 
the plant available water capacity (PAWC) present in the soil 
on April 15. This situation occurs less than once every 10 
years in northwest Iowa (Shaw et al., 1972). Yield estimates 
for this high spring soil moisture case ranged from 90 to 133 
bu/A and averaged 112 bu/A. Severe stress occurred in 5 of 
the 14 weather years tested, and high spring soil moisture 
levels tempered the effect of these droughts. The average 
projected yield for these 5 years was 105 bu/A. 
Based on the 14 years of actual soil moisture data, the 
average April 15 soil moisture level at Doon is 40% of the 
PAWC. Yield estimates for the 40% of PAWC case ranged from 
21 bu/A in 1970 to 100 bu/A in 1965. Yield estimates fell 
below 50 bu/A on each of the 5 high stress years mentioned 
above and averaged 32 bu/A. The average yield for the 14 
year period was 64 bu/A. 
Less than 20% of the PAWC is present in the soil about 
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once every 5 years. Yield estimates based on this low soil 
water case ranged from 5 to 76 bu/A and averaged only 35 bu/A. 
For the 5 years of severe stress, crop failures were projected, 
with yields not exceeding 10 bu/A any of the years. Yield es­
timates were below 50 bu/A 8 of the 14 years tested for this 
case. Actual crop failures at the experimental site in 
northwest Iowa have occurred 3 years of the 14 studied (1967, 
1968, and 1970). 
Castana 
Yield estimates for three levels of April 15 soil mois­
ture based on 21 years weather data from the Castana Water­
sheds, Western Iowa Experimental Farm are presented in Figure 15. 
Tabular results of this analysis are presented in Appendix C. 
The probability of approaching 100% of PAWC in west 
central Iowa is about 20%. Yield estimates for the 100% PAWC 
case ranged from 66 to 138 bu/A and averaged 117 bu/A. This 
average compares favorably with a potential yield of 140 bu/A. 
Yield estimates fell below 100 bu/A only 4 of the 21 weather 
years for this soil moisture case. 
At 50% PAWC on April 15, yield estimates were depressed, 
but not to as great a degree as for the medium moisture case 
at the Doon, Iowa location. The mean yield was 107 bu/A with 
no yield depression from the 100% PAWC case in 10 of 21 years. 
Yield estimates were below 100 bu/A 5 of 21 years and fell be­
low 50 bu/A in only one year. 
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Figure 15. Estimated corn yields for 3 levels of April 15 
soil moisture based on 21 years weather data from 
the Western Iowa Experimental farm, Castana, Iowa; 
conventional tillage was assumed 
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Yield estimates for the 20% PAWC case ranged from 0 to 
136 bu/A and averaged 84 bu/A. Yields were lower than the 
50% PAWC case for all but 2 years. Total crop failures were 
projected to occur in 3 of 21 years, while yields greater 
than 100 bu/A were projected to occur 8 of the 21 years, de­
spite the extremely low spring soil moisture assumption. 
Effect of Tillage Assumptions on 
Yield and Fall Soil Moisture Estimates 
By adjusting the runoff and spring fallow evaporation 
assumptions in the simulation model, the effect of conserva­
tion tillage was approximated. Conservation tillage assump­
tions were tested with the medium and low spring soil moisture 
conditions and the 14 and 21 year's weather data from Doon and 
Castana. As runoff is rarely experienced on the Moody soils 
at Doon, only evaporation was adjusted for the Doon simula­
tion. Runoff and runoff and evaporation were adjusted in 
simulation runs of Castana data. Tabulated results of these 
analyses are in Appendix C. 
Yield estimates Using the actual average April 15 
soil moisture values from plot measurements, yield projections 
were made for the 14 weather years, based on the generated 
moisture stress indices. Results of this analysis are shown 
in Figure 16. 
Increased yield estimates, due to reduced evaporation in 
the period from April 15 to June 5, were projected for all 
Figure 16. Estimated corn yield for two evaporation rates based on 14 years Doon, 
Iowa weather data. April 15 soil moisture levels were the means of 
actual moisture measurements for the indicated years from the Doon, 
Iowa corn yield plots 
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years. Yield Increases ranged from 10 bu/A to 51 bu/A and 
averaged 26 bu/A. In 1970, a severe stress year, reducing the 
spring evaporation caused the yield to increase from 3 to 49 
bu/A. Increases were significant for the other high stress 
years, 1963, 1966, and 1968. Projected increases in yield 
were also high for years in the moderate to low stress cate­
gory. In 1961 the yield estimate was more than doubled due to 
decreased evaporation. 
The effect of adjusted evaporation rates, when the April 
15 soil moisture was 20% of the PAWC, is shown in Figure 17. 
For years of high moisture stress the probability of substan­
tially increasing yield was less than 50%. Of 7 high stress 
years, yields were raised from below 40 bu/A to near or well 
above 50 bu/A only 3 years. The other 4 years estimated yields 
did not exceed 40 bu/A for the conservation tillage assumption. 
When moderate to low levels of moisture stress occurred 
the potential for increasing yields was good. Yield estimates 
for the years 1959, 1962, 1964, 1965, and 1969, assuming con­
ventional tillage, averaged 69 bu/A. Reducing the spring 
evaporation rate increased the average yield by 34 to 103 
bu/A. 
When the soil moisture was set at 40% of the PAWC (Figure 
18), yield increases due to reduced evaporation were not as 
great as for the low spring soil moisture case; however, the 
potential for increasing yield in high stress years was good. 
The average yield estimate for the 6 severe stress years was 
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36 bu/A assuming conventional tillage. Under the reduced 
evaporation assumption yield estimates averaged 67 bu/A for 
the same high stress years. 
Spring soil moisture conservation was most effective in 
reducing the effects of drought for the 1961 and 1970 weather 
years. Yield estimates were 54 and 18 bu/A with normal evapo­
ration and 104 and 60 bu/A for the reduced evaporation case in 
1961 and 1970, respectively. 
Soil moisture estimates Decreases in soil moisture 
stress and subsequent increases in estimated yield for the ac­
tual, 20, and 40% of PAWC conservation tillage cases were the 
result of substantial modeled savings of spring soil moisture. 
Examination of soil moisture estimates for June 5, which are 
presented in Appendix C of this thesis, shows the magnitude of 
these savings. Because the soil moisture estimates were di­
rectly involved in the calculation of stress indices, June 5 
moisture estimates and stress indices are highly correlated. 
Therefore, a discussion of modeled treatment effects on early 
summer soil moisture is not necessary. However, stress indices 
do not necessarily reflect the effect of the conservation 
assumptions on fall soil moisture estimates, and a discussion 
of this aspect follows. 
In the field, the fall soil moisture level gives a good 
indication of the soil moisture condition which can be expected 
the next spring. Shaw et al. (1972) have determined that the 
probability of increasing the plant available soil moisture by 
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more than 2 inches from November 1 to April 15 is 14 and 20% 
at Doon and Castana, respectively. Large changes should not 
be expected because of frozen ground and low precipitation dur­
ing the cold season. For western Iowa the average increase has 
been less than 1.0 inch. Therefore, the fall soil moisture 
level has a direct effect on the yield potential the following 
year. 
Because results do not differ greatly between modeled 
cases, only the 40 and 20% of PAWC cases for the Doon weather 
data are presented in Figures 19 and 20, respectively. Differ­
ences in the modeled spring evaporation rate did not affect 
fall soil moisture levels greatly. The average yearly in­
creases due to treatment were 0.86 and 1.11 inches per year 
for the 20 and 40% cases. The largest increases were for the 
low stress years 1964 and 1965, when the fall soil moisture 
estimates for the conventional tillage system were well above 
the average. Fall soil moisture increases due to reduced 
evaporation were small for the years 1958, 1963, and 1967, 
where soil moisture was badly depleted in the fall. 
Castana 
Yield estimates Adjustments to modeled evaporation and 
runoff due to conservation tillage were made for the 21 years 
Castana weather data. Yield potentials under conventional 
tillage for the 100% of PAWC spring soil moisture case were 
high, therefore, only the 50 and 20% of PAWC on April 15 cases 
were considered in this analysis. Runoff was first adjusted, 
Figure 19. Estimated inches of plant available soil moisture to 5 feet on October 31 
for two spring evaporation rates based on 14 years weather data from the 
Moody Experimental Farm, Doon, Iowa, and 40% of the PAWC in the soil pro­
file on April 15 
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Figure 20. Estimated inches of plant available soil moisture to 5 feet on October 
31 for two spring evaporation rates based on 14 years of weather data 
from the Moody Experimental Farm, Doon, Iowa and 20% of the PAWC in the 
soil profile on April 15 
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then both, runoff and evaporation were adjusted for the two 
spring soil moisture cases. 
A comparison of yields for conventional tillage versus 
the reduced runoff tillage for the 50% of PAWC case is given 
in Figure 21. Estimated yield increases were small due to the 
treatment for the years when yield increases occurred. There 
was no response to reduced runoff in 8 of the 21 years. The 
mean yield estimates were 107 and 115 bu/A for the normal and 
reduced runoff cases, respectively. Little or no increase 
in yield for high moisture stress years was predicted. 
The results of reducing runoff for the 20% of PAWC on 
April 15 is given in Figure 22. The yield increases were 
greater than the 50% case although no response was predicted 
for 4 of the 21 years. The estimated average yearly yield 
increase was 14 bu/A. For high moisture stress years 1955, 
1956, 1970, and 1971 the yield increases were small. For 
years when yield potentials for normal runoff were in the 
range of 60 to 80 bu/A, yield increases averaged 21 bu/A. 
For the 1955 weather year the treatment had no effect, as 
there were no runoff producing rainfall events. 
The effect of adjusting both runoff and evaporation for 
conservation tillage for the 50 and 20% of PAWC cases are 
shown in Figures 23 and 24, respectively. For the 50% case 
yield estimates for conservation tillage averaged 12 bu/A more 
than for conventional tillage. No yield increases were pre­
dicted for 3 of the 14 years; however, these years had high 
Figure 21. Estimated corn yields for two surface runoff con­
ditions based on 21 years weather data from the 
Western Iowa Experimental Farm, Castana, Iowa, and 
50% of the PAWC in the soil profile on April 15 
of each year 
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Figure 22. Estimated corn yields for two surface runoff con­
ditions based on 21 years weather data from the 
Western Iowa Experimental Farm, Castana, Iowa, 
and 20% of the PAWC in the soil profile on April 
15 of each year 
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Figure 23. Estimated corn yields for conventional and con­
servation tillage based on 21 years weather data 
from the Western Iowa Experimental Farm, Castana, 
Iowa, and 50% of the PAWC in the soil profile on 
April 15 of each year 
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Figure 24. Estimated corn yields for conventional and con­
servation tillage based on 21 years weather data 
from the Western Iowa Experimental Farm, Castana, 
Iowa, and 20% of the PAWC in the soil profile on 
April 15 of each year 
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potential yields without the conservation treatment. The 
three high stress years, 1955, 1970, and 1971, showed good 
potential for yield increases due to the modeled conservation 
treatments. The average increase for these years was 31 bu/A. 
In 1970 and 1971 predicted yields for conventional tillage 
were 51 and 56 bu/A. Reducing evaporation and runoff increased 
the potential to 87 and 92 bu/A for the 1970 and 1971 weather 
years. 
When the April 15 soil moisture level was lowered to 20% 
of the PAWC the differences in estimated yields between 
modeled treatments increased. The yield differences between 
treatments ranged from 0 to 63 bu/A and averaged 26 bu/A for 
the 21 weather years. The mean estimated yield increase due to 
treatment was 41 bu/A for the 13 weather years when the con­
ventional tillage potential yield was less than 100 bu/A. 
For the 3 severe stress years 1955, 1970, and 1971, the 
modeled conservation tillage treatment increased yield esti­
mates from a state of crop failure to an average of 47 bu/A. 
Soil moisture estimates Fall soil moisture estimates 
for Castana are shown in Figures 25 and 26. The 50 and 20% of 
PAWC soil moisture cases are given, with modeled conventional 
and conservation tillage (runoff and evaporation adjusted) 
estimates compared. Fall soil moistures for the 50% case 
averaged 0.80 inches more with conservation tillage than with 
conventional tillage. No improvement in the fall soil moisture 
level was made in 6 of the 21 years and the soil moisture 
Figure 25. Estimated inches of plant available soil moisture 
to 5' on October 31 based on 21 years weather 
data from the Castana Watersheds, Western Iowa 
Experimental Farm, Castana, Iowa, and 50% of 
the PAWC in the soil profile on April 15 
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Figure 26. Estimated inches of plant available soil moisture 
to 5' on October 31 based on 21 years weather 
data from the Castana Watershed, Western Iowa 
Experimental Farm, Castana, Iowa, and 20% of 
the PAWC in the soil profile on April 15 
101 
c/î 
LU 
ac 
o 
t/) 
»—< 
o 
o 
«/) 
• NORMAL RUNOFF E3 ADJUSTED RUNOFF 
& EVAP. & EVAP. 
i i 
oo 
LU 
3: 
o 
oc 
*—« 
H-
en 
o 
oo 
1 1 . 0  
10.0 
9.0 
8 . 0  
7.0 
6 . 0  
5.0 
4.0 
3.0 
2 . 0  
1 .0  
0 
1951 19521953 195419551956 19571958 1959 19601961 
YEARS 
0 NORMAL RUNOFF g ADJUSTED RUNOFF 
& EVAP. & EVAP. 
i i i i i I i i 
1962 1963 19641965 1966 1967 19681969 1970 1971 
YEARS 
102 
amounts varied greatly for these years. The average increase 
in soil moisture, for the 15 years when increases occurred, 
was 1.12 inches. In general, only small increases due to 
conservation tillage are predicted for those years when the 
fall soil moisture was low. 
October 31 soil moistures for the 20% of PAWC case did 
not differ greatly from the 50% case. For years when modeled 
conservation tillage raised fall soil moisture above levels 
predicted for conventional practices, the average yearly in­
creases were 1.40 inches. Large soil moisture increases due to 
the modeled treatment were not confined to years having either 
high or low soil moisture levels under conventional tillage. 
The implication of a large increase in the October 31 soil 
moisture level such as in 1952, 1958, 1960, and 1963, is a 
substantial increase in the yield potential the following 
year. When fall soil moistures are badly depleted the 
probability of obtaining yields in excess of 100 bu/A the 
the following year are decreased greatly. 
Corn Yield Distribution and Probability of Occurrence 
Table 7 summarizes the probabilities of occurrence of es'-
timated corn yields for the various tillage assumptions and 
spring soil moisture levels. The yields are classed into 
four 40 bu/A increments and the probabilities are given in 
percent. The yield estimates are given by the prediction 
equation described earlier. 
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Table 7. The probability of occurrence of estimated yields 
by April 15 soil moisture level and tillage 
Yield (bu/A) 
120 or 
Tillage 0-40 40-80 80-120 over 
Doon 
100% Conventional 0 0 50 50 
Actual Conventional 21 50 29 0 
Conservation 0 36 43 21 
40% Conventional 28 28 44 0 
Conservation 0 36 50 14 
20% Conventional 50 50 0 0 
Conservation 28 36 36 0 
Castana 
100% Conventional 0 5 43 52 
50% Conventional 5 10 48 37 
No runoff 0 14 29 57 
Conservation 0 5 33 62 
20% Conventional 14 33 37 14 
No runoff 14 10 43 33 
Conservation 5 10 37 48 
Based on the 14 years weather data at Doon, for the 100% 
soil moisture case under conventional tillage, the probability 
WHS 100% that the yield estimates would be above 80 bu/A. 
Fifty percent of the estimated yields fall in the 80 to 120 
bu/A class, and the other 50% in the 120 bu/A or greater class. 
This is in contrast to the 20% soil moisture conventional 
tillage case, where 100% of all yield estimates were under 
PAWC 
soil 
moisture 
case 
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80 bu/A and yields were evenly split between the two low 
yield classes. 
For the actual soil moisture case under conservation as 
compared to conventional tillage the probabilities shifted 
significantly towards the higher yield classes. The proba­
bility of yields in the 0-40 bu/A class dropped from 21 to 0% 
with the change in tillage and in the 120 bu/A and above group 
the probability increased from 0 to 21% with conservation 
tillage. 
The probabilities for the 40% soil moisture case at Doon 
were similar to the actual soil moisture case. The shift 
from conventional to conservation assumptions caused an up­
ward shift in yield probabilities, but the greatest proba­
bility of yields remained in the 80 to 120 bu/A class. Under 
conservation tillage no yield estimates occurred in the 0 to 
40 bu/A class and 14% were in the high yield class. 
With the 20% PAWC assumption the probability of low 
yields increased and there was 0% probability of very high 
yields under either conventional or conservation tillage. 
However, the probability of obtaining 80 to 120 bu/A yields 
was increased from 0% with conventional tillage to 36% with 
conservation tillage. The probability of obtaining yield 
estimates in the 120 bu/A or greater class was unchanged by 
the tillage assumption. 
The probabilities for the 100% soil moisture case at 
Castana were 43 and 52% for the 80 to 120 and the 120 bu/A or 
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more classes. Yields estimates from 40 to 80 bu/A occurred 
5% of the time. Since the probabilities for low yield classes 
were 0%, no tillage assumptions were made for the 100% PAWC 
soil moisture case. 
For the 50% soil moisture conventional tillage case, 
probabilities were shifted from the high yield class to give 
5 and 10% probabilities of yields occurring in the 0-40 and 
40-80 bu/A classes. Reducing runoff and conservation tillage 
(reduced runoff and evaporation) caused probability increases 
in the 120 bu/A or more class. Estimated yields of 120 bu/A 
or greater occurred 57 and 62% of the time for the reduced 
runoff and conservation tillage cases, respectively. 
Reduced runoff and conservation assumptions were effec­
tive in shifting estimated yields from lower to higher classes 
for the 20% of PAWC case. The probability of occurrence of 
predicted yields for the conservation tillage case at 20% of 
PAWC were nearly equal, class for class, with those obtained 
for the 100% PAWC conventional tillage case. With modeled 
conservation tillage nearly one half (48%) of the predicted 
yields, were in the 120 bu/A or more class and 37% were in the 
80 to 120 bu/A class. This also compares favorably to 14 and 
37% for the high and 80 to 120 bu/A yield classes under con­
ventional tillage for the same spring soil moisture assump­
tion. The reduced runoff assumption lowered the probability 
of yield estimates in the 40 to 80 bu/A range from 33% with 
conventional tillage to 10%. Reducing runoff did not change 
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the low yield estimate p?robability. 
A graphical representation of the distribution of pre­
dicted yields for Doon and Castana is given in Figures 27-29 
and Figures 30-31. The classes are in 20 bu/A increments, 
and the number of years predicted yields fall in given classes 
is given on the ordinate. In each case, tillage assumptions 
are compared for the soil moisture cases which were most 
limiting to yield estimates. 
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Figure 27. Distribution of corn yields, predicted by y = 
140.3 - 1.83 RTRP - 0.013 RTRP , based on 14 years 
Doon, Iowa weather data and actual April 15 soil 
moistures, for conventional and conservation 
(reduced evaporation) tillage assumptions 
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Figure 28. Distribution of corn yields predicted by y = 
140.3 - 1.83 RTRP - 0.013 RTRP , based on 14 years 
Doon, Iowa weather data and 40% of the PAWC in the 
soil profile on April 15, for conventional and con­
servation (reduced evaporation) tillage assumptions 
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Figure 29. Distribution of corn yields predicted by y = 140.3 
- 1.83 RTRP - 0.013 RTRP , based on 14 years Doon, 
Iowa weather data and 20% of the PAWC in the soil 
profile on April 15, for conventional and conser­
vation (reduced evaporation) tillage assumptions 
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summary 
The objectives of this study were to develop a yield 
response curve to moisture using corn yield, soil moisture, 
and weather data from three locations in western Iowa, and 
to utilize a simulation model, described by Shaw (1963) to 
evaluate the potential or estimated effect of moisture con­
servation tillage practices in terms of corn yield. 
Data were summarized from field experiments at Doon, 
Castana, and Treynor, Iowa. The soil moisture and weather 
data were used in a moisture budget simulation model to 
develop soil moisture stress indices. Using the field plot 
yield data, yield response curves to moisture were developed 
for those moisture stress indices which best explained the 
variation in corn yields. The equations derived in this 
analysis were to be used as prediction equations for further 
simulation analyses. One equation, y = 140.3 - 1.83 RTRP -
2 o 
0.013 RTRP Cr =0.75) was chosen for this purpose. 
The simulation model was then employed to develop stress 
indices for three theoretical levels of April 15 soil moisture, 
based on 21 and 14 years actual weather data from Castana and 
Doon. Conventional tillage was the assumption in this analysis. 
The soil moisture levels investigated were 100, 50, and 20% and 
100, 40, and 20% of the plant available water capacity (PAWC) 
for the Castana and Doon areas, respectively. 
Finally, the simulation model was adjusted hydrologically 
113 
to approximate the effect of conservation tillage. Conserva­
tion tillage assumptions were then tested at medium and low 
spring soil moisture levels for the 14 and 21 years weather 
data from Boon and Castana, and comparisons of the projected 
yields and fall soil moisture estimates, under conventional 
and conservation tillage, were made. 
Conventional Tillage 
Study of the yield estimates for Boon revealed that for 
the range of weather conditions tested, high soil moisture 
reserves C100% of PAWC) in the spring, greatly reduced the 
effect of dry weather conditions. When spring soil moisture 
was set at 40% of PAWC, yields reflected the weather condi­
tions for severe stress years, but were high for medium and 
low moisture stress years. At 20% of PAWC, high yields were 
projected only for years with unusually high summer rainfall. 
Yields below 40 bu/A were estimated to occur 50% of the time. 
Castana results showed only one yield estimate below 70 
bu/A when spring soil moisture reserves were high. At 50% 
of PAWC, yields were depressed only in severe moisture stress 
years. The effect of dry weather was most evident when the 
spring soil moisture was 20% of PAWC. Three crop failures 
were projected at Castana in 21 years for the low spring soil 
moisture case. 
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Conservation Tillage 
At Doon, yield increases were projected for conservation 
compared to conventional tillage for all years, regardless of 
the spring soil moisture assumption. For the actual spring 
soil moisture case, yield increases averaged 25 bu/A and 
were increased significantly in all high stress years. Re­
sults for actual and 40% of PAWC were similar. At 20% PAWC, 
moisture savings due to conservation tillage significantly 
increased yields 5 of 7 high stress years. On the average, 
conservation tillage yield estimates were 25 bu/A more than 
conventional tillage yield estimates for the 20% PAWC case. 
October 31 soil moisture estimates for conservation till­
age were higher than for conventional tillage most years at 
Doon, regardless of the spring soil moisture level. Differ­
ences were small, however, for high stress years, and larger 
for low stress years. 
Adjustments to modeled runoff and evaporation, due to 
conservation tillage, were made for the 21 years of Castana 
weather data. At 50% of PAWC, the potential for yield in­
creases due to conservation tillage averaged 31 bu/A for the 
high stress years. When the April 15 soil moisture was 
lowered to 20% of PAWC, projected yield differences between 
modeled conventional and conservation tillage treatments 
averaged 26 bu/A for all 21 years. The average difference 
for high stress years was 47 bu/A. 
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October 31 soil moisture levels, for the 50 and 20% 
spring soil moisture cases, were estimated for conventional 
and conservation tillage. Treatment increases were 0.80 and 
1.40 inches for 50 and 20% of PAWC. Increases were gen­
erally small for high stress years. 
The probability of occurrence of estimated yields for the 
spring soil moisture and tillage cases investigated were 
calculated for four yield classes. For all soil moisture 
cases and both locations, conservation tillage was effective 
in increasing the probability of yields occurring in the 
higher yield classes. 
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APPENDIX A: SOIL MOISTURE DATA 
Table 8. Inches of plant available water in the soil measured 
on the indicated dates on the moisture legume ex­
periment at the Moody Experimental Farm, Doon, Iowa 
Depth 4-28 4-21 5-18 5-1 4-28 4-23 
(ft) 1958 1959 1960 1961 1962 1963 
Treatment 1 Rep I 
0.0-0.5 0.93 0.63 1.16 0.66 0.86 0.41 
0.5-1.0 0.90 0.59 1.12 0.62 0.82 0.38 
1.0-1.5 0.70 0.00 0.80 0.33 0.89 0.14 
1.5-2.0 0.71 0.00 0.83 0.35 0.92 0.16 
2.0-2.5 0.36 0.08 0.70 0.03 0.06 0.15 
2.5-3.0 0.41 0.15 0.72 0.09 0.11 0.20 
3.0-3.5 0.05 0.08 0.47 0.00 0.00 0.10 
3.5-4.0 0.09 0.14 0.51 0.04 0.04 0.14 
4 . 0-4. 5 0.06 0.07 0.12 0.00 0.00 0.08 
4.5-5.0 0.15 0.15 0.12 0.09 0.09 0.16 
Total 4.36 1.89 6.55 2.21 3.79 1.91 
Treatment 1 Rep II 
0.0-0.5 0.98 0.63 1.16 0.79 0.99 0.49 
0.5-1.0 0.94 0.59 1.16 0.76 0.95 0.45 
1.0-1.5 0.73 0.00 0.81 0.55 0.64 0.13 
1.5-2.0 0.75 0.02 0.81 0.57 0.67 0.15 
2.0-2.5 0.25 0.00 0.69 0.20 0.45 0.04 
2.5-3.0 0.28 0.01 0.69 0.24 0.49 0.07 
3.0-3.5 0.14 0.00 0.55 0.26 0.55 0.02 
3.5-4.0 0.18 0.01 0.55 0.29 0.39 0.05 
4.0-4.5 0.10 0.00 0.35 0.21 0.52 0.00 
4.5-5.0 0.18 0.05 0.35 0.29 0.41 0.07 
Total 4.53 1.31 7.12 4.16 5.66 1.47 
Treatment 1 Rep III 
0.0-0.5 0.92 0.82 1.15 0.84 0.94 0.33 
0.5-1.0 0.88 0.77 1.15 0.80 0.90 0.29 
1.0-1.5 1.10 0.34 0.89 0.48 0.41 0.05 
1.5-2.0 1.12 0.36 0.89 0.51 0.44 0.07 
2.0-2.5 0.37 0.24 0.84 0.14 0.21 0.00 
2. 5-3.0 0.40 0.27 0.84 0.18 0.24 0.03 
3.0-3.5 0.12 0.14 0.61 0.12 0.19 0.02 
3.5-4.0 0.16 0.18 0.61 0.16 0.23 0.05 
4.0-4.5 0.12 0.03 0.07 0.13 0.23 0.00 
4.5-5.0 0.21 0.11 0.07 0.22 0.38 0 . 08 
Total 5.40 3.26 7.12 3.58 4.17 0.93 
124 
4-20 5-5 4-5 5-3 4-16 5-6 4-25 5-10 
1964 1965 1966 1967 1968 1969 1970 1971 
0.80 0.61 
0.76 0.57 
0.47 0.54 
0.49 0.56 
0.00 0.23 
0.01 0.28 
0.01 0.00 
0.07 0.00 
0.02 0.00 
0.10 0.00 
2.73 2.79 
0.80 0.66 
0.76 0.62 
0.40 0.50 
0.42 0.53 
0.00 0.51 
0.00 0.56 
0.03 0.60 
0.06 0.65 
0.00 0.38 
0.04 0.47 
2.51 5.48 
0.92 0.50 
0.87 0.47 
0.66 0.50 
0.69 0.52 
0.09 0.00 
0.13 0.00 
0.09 0.00 
0.13 0.00 
0.02 0 .00 
0 .11  0 .00  
3.71 1.99 
0.74 0.48 
0.71 0.45 
0.62 0.33 
0.64 0.34 
0.45 0.09 
0.51 0.13 
0.19 0.08 
0.24 0.13 
0.11 0.05 
0.20 0.14 
4.41 2.21 
0.74 0.63 
0.71 0.59 
0.73 0.53 
0.75 0.55 
0.31 0.14 
0.35 0.17 
0.15 0.01 
0.18 0.05 
0.11 0.00 
0.20 0.10 
4.23 2.77 
0.69 0.52 
0.66 0.47 
0.55 0.46 
0.58 0.48 
0.38 0.12 
0.42 0.15 
0.18 0.01 
0.22 0.04 
0.11 0.00 
0.19 0.03 
3.98 2.28 
0.72 0.61 
0.68 0.58 
0.00 0.65 
0 . 0 0  0 . 6 8  
0 . 0 0  0 . 6 6  
0.02 0.71 
0.06 0.45 
0.00 0.50 
0.00 0.03 
0 .08  0 .12  
1.56 4.99 
0.71 0.73 
0.67 0.70 
0 . 0 0  0 . 6 6  
0.00 0.69 
0 .00  1 .11  
0.00 1.15 
0.00 0.31 
0.00 0.35 
0.00 0.04 
0.04 0.12 
1.42 5.86 
0.77 0.80 
0.74 0.76 
0.03 0.67 
0.06 0.69 
0.01 0.60 
0.05 0.63 
0.00 0.45 
0.04 0.49 
0.00 0.13 
0.04 0.22 
1.74 5.44 
0.93 0.15 
0.89 0.12 
0.62 0.36 
0.64 0.38 
0.00 0.07 
0.01 0.11 
0.04 0.00 
0.09 0.01 
0.00 0.07 
0.03 0.01 
3.25 1.28 
0.94 0.41 
0.90 0.38 
0.55 0.31 
0.58 0.34 
0.00 0.10 
0.03 0.13 
0 .00  0 .00  
0.04 0.00 
0 .00  0 .00  
0.10 0.00 
3.14 1.67 
1.00 0.24 
0.96 0.20 
0.64 0.31 
0.67 0.34 
0.06 0.06 
0.09 0.12 
0.03 0.00 
0.06 0.00 
0.00 0.00 
0.05 0.00 
3.56 1.27 
Table 8. (Continued) 
Depth 4-28 4-21 5-18 5-1 4-28 4-23 
(ft) 1958 1959 1960 1961 1962 1963 
Treatment 2 Rep I 
o.o-o.c 0.95 0.71 1.14 0.55 0.94 0.86 
0.5-1.0 0.91 0.67 1.14 0.51 0.90 0.83 
1.0-1.5 0.66 0.04 0.81 0. 55 0.60 0.60 
1.5-2.0 0.68 0.06 0.81 0.58 0.64 0.64 
2.0-2.5 0.56 0.00 0.68 0.31 0.24 0.29 
2.5-3.0 0.59 0.02 0.68 0.35 0.29 0.32 
3.0-3.5 0.46 0.00 0.64 0.10 0.03 0.19 
3.5-4.0 0.50 0.00 0.64 0.14 0.06 0.23 
4.0-4.5 0.11 0.00 0.55 0.04 0.02 0.07 
4.5-5.0 0.20 0.02 0.55 0.12 0.11 0.16 
Total 5. 62 1.52 7.64 3.25 3.82 4.19 
Treatment 2 Rep II 
0.0-0.5 0.92 0.76 1.16 0.76 0.87 0.84 
0.5-1.0 0.88 0.72 1.16 0.73 0.84 0.79 
1.0-1.5 0.66 0.32 0.87 0.60 0.49 0.53 
1.5-2.0 0.68 0.35 0.87 0.63 0.51 0.55 
2.0-2.5 0.69 0.20 0.85 0.40 0.16 0.35 
2. 5-3.0 0.76 0.24. 0.85 0.43 0.20 0.39 
3. 0-3.5 0.50 0.17 0.76 0.10 0.04 0.32 
3.5-4.0 0.53 0.20 0.76 0.13 0.08 0.36 
4.0-4.5 0.21 0.13 0.40 0.03 0.01 0.20 
4.5-5.0 0.29 0.21 0.40 0.11 0.10 0.28 
Total 6.12 3.30 8,08 3.92 3.30 4.61 
Treatment 3 Rep III 
0.0-0.5 0.93 0.72 1.18 0.89 0.95 0.78 
0.5-1.0 0.90 0.69 1.18 0.85 0.91 0.74 
1.0-1.5 0.67 0.21 0.85 0.61 0.61 0.35 
1.5-2.0 0.69 0.23 0.85 0.63 0.63 0.38 
2.0-2.5 0.56 0.07 0.81 0.52 0.20 0.07 
2.5-3.0 0.59 0.01 0.81 0.55 0.24 0.11 
3.0-3.5 0.26 0,03 0.67 0,18 0.08 0.04 
3.5-4.0 0.30 0.07 0.67 0.22 0.12 0.08 
4.0-4.5 0.11 0.00 0.37 0.05 0.01 0.16 
4.5— 5.0 0.20 0.07 0.37 0.14 0.09 0.25 
Total 5.21 2.10 7.76 4.64 3.84 2.96 
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4-20 5-5 4-5 5-3 4-16 5-6 4-25 5-10 
1964 1965 1966 1967 1968 1969 1970 1971 
0.86 0.72 
0.83 0.69 
0.46 0.59 
0.49 0.61 
0.00 0.56 
0.00 0.59 
0.02 0.50 
0.07 0.54 
0.02 0.07 
0.10 0.16 
2.85 5.03 
0.93 0.67 
0.89 0.63 
0.59 0.48 
0.62 0.51 
0.09 0.30 
0.13 0.34 
0.09 0.00 
0.13 0.00 
0.02  0 .00  
0.10 0.00 
3.59 2.93 
0.86 0.69 
0.83 0.66 
0,26 0.56 
0.29 0.59 
0.02 0.40 
0.06 0.44 
0.03 0.00 
0 .06  0 .00  
:a.oi 0.00 
0.11 0.00 
2.53 3.34 
0.78 0.72 
0.75 0.69 
0.70 0.52 
0.73 0.54 
0.59 0.31 
0.63 0.35 
0.42 0.03 
0.45 0.06 
0.20 0.00 
0.28 0.06 
5.53 3.28 
0.78 0.68 
0.75 0.64 
0.68 0.65 
0.71 0.67 
0.60 0.38 
0.65 0.42 
0.41 0.17 
0.45 0.21 
0.18 0.01 
0.26 0.10 
5.47 3.93 
0.76 0.86 
0.72 0.83 
0.67 0.75 
0.70 0.79 
0.54 0.51 
0.57 0.55 
0.42 0.09 
0.45 0.12 
0.18 0.00 
0.26 0.07 
5.27 4.57 
0.71 0.73 
0.68 0.70 
0 . 0 0  0 . 6 6  
0.00 0.69 
0 . 0 0  0 . 6 1  
0.00 0.65 
0.00 0.31 
0.00 0.35 
0.00 0.04 
0.02 0.12 
1.41 4.86 
0 . 6 8  0 . 8 0  
0.64 0.77 
0 .00  0 .66  
0.00 0.69 
0.01 0.57 
0.05 0.60 
0.02 0.43 
0.06 0.47 
0 .00  0 .20  
0.08 0.30 
1.54 5.49 
0.70 0.86 
0.65 0.82 
0.00 0.73 
0.01 0.75 
0.00 0.71 
0.00 0.75 
0.00 0.33 
0.00 0.36 
0.00 0.18 
0.03 0.26 
1.39 5.75 
1.01 0.55 
0.97 0.51 
0.78 0.53 
0.80 0.55 
0.46 0.24 
0.50 0.27 
0.14 0.00 
0.18 0.00 
0 . 0 0  0 . 0 0  
0 . 0 6  0 . 0 0  
4.90 2.65 
0.87 0.50 
0.84 0.46 
0.13 0.33 
0.15 0.36 
0 . 0 8  0 . 0 0  
0.11 0.04 
0 .00  0 .00  
0 .00  0 .00  
0.08 0.00 
0.02 0.00 
2.28 1.69 
0.95 0.45 
0.91 0.42 
0.54 0.42 
0.57 0.45 
0.06 0.04 
0 . 1 0  0 . 0 8  
0 . 0 2  0 . 0 0  
0 . 0 6  0 . 0 2  
0 . 0 0  0 . 0 0  
0.03 0.00 
3.24 1.88 
Table 8. (Continued) 
Depth 4-28 4-21 5-18 5-1 4-28 4-23 
(ft) 1958 1959 1960 1961 1963 1963 
Treatment 3 Rep I 
0.0-0.5 1.03 0.72 1.14 0.75 1.02 0.92 
0.5-1.0 0.99 0.69 1.14 0.72 0.99 0.89 
1.0-1.5 0.66 0.24 0.77 0.59 0.63 0.63 
1.5-2.0 0.68 0.27 0.77 0.61 0.66 0.66 
2.0-2.5 0.60 0.15 0.74 0.41 0.40 0.37 
2.5-3.0 0.65 0.18 0.74 0.45 0.44 0.41 
3.0-3.5 0.51 0.15 0.75 0.25 0.19 0.25 
3.5-4.0 0.54 0.19 0.75 0.28 0.23 0.29 
4.0-4.5 0.27 0.12 0.66 0.04 0.18 0.18 
4.5-5.0 0.35 0.21 0.66 0.12 0.26 0.26 
Total 6.28 2.92 8.12 4.22 5.00 4.86 
Treatment 3 Rep II 
0.0-0.5 0.89 0.76 1.20 0.81 0.92 0.79 
0.5-1.0 0.86 0.73 1.20 0.78 0.88 0.76 
1.0-1.5 0.57 0.06 0.86 0.65 0.51 0.48 
1.5-2.0 0.59 0.08 0.86 0.67 0.53 0.50 
2.0-2.5 0.55 0.02 0.84 0.46 0.43 0.15 
2.5-3.0 0.59 0.07 0.84 0.50 0.46 0.18 
3.0-3.5 0.62 0.10 0.77 0.21 0.30 0.11 
3.5-4.0 0.65 0.13 0.77 0.24 0. 33 0.15 
4.0-4.5 0.54 0.08 0.70 0.11 0.64 0.12 
4.5-5.0 0.62 0.17 0.70 0.18 0.72 0.21 
Total 6.48 2.20 8.74 4.61 5.72 3.45 
Treatment 3 Rep III 
0.0-0.5 1.11 0.68 1.23 0.96 0.90 0.90 
0.5-1.0 1.08 0.64 1.23 0.93 0.87 0.87 
1.0-1.5 0.79 0.04 0.90 0.73 0.40 0.54 
1.5-2.0 0.81 0.06 0.90 0.75 0.42 0.57 
2.0-2.5 0.72 0.01 0.87 0.66 0.18 0.30 
2.5-3.0 0.76 0.05 0.87 0.70 0.21 0.34 
3.0-3.5 0.76 0.06 0.69 0.59 0. 13 0.14 
3.5-4.0 0.79 0.09 0.69 0.62 0.16 0.18 
4.0-4.5 0.53 0.02 0.56 0.45 0.04 0.04 
4.5-5.0 0.62 0.10 0.56 0.54 0.13 0.16 
Total 7.97 1.75 8.50 6.93 3.44 4.01 
.12.S 
4-20 5-5 4-5 5-3 4-16 5-6 4-25 5-10 
1964 1965 1966 1967 1968 1969 1970 1971 
0.87 0.64 
0.82 0.60 
0.53 0.49 
0.55 0.51 
0.09 0.04 
0.13 0.08 
0.04 0.00 
0 . 0 0  0 . 0 0  
0.02 0.00 
0.10 0.02 
3.15 2.38 
0.93 0.74 
0.89 0.65 
0.73 0.55 
0.75 0.57 
0.09 0.00 
0.13 0.02 
0.03 0.00 
0 . 0 6  0 . 0 0  
0 . 0 8  0 . 0 0  
0.16 0.01 
3.85 2.54 
0.93 0.66 
0.89 0.62 
0.71 0.48 
0.74 0.51 
0.09 0.72 
0.13 0.75 
0.03 0.35 
0.06 0.38 
0 . 0 8  0 . 0 0  
0 .16  0 .00  
3.82 4.47 
0.84 0.78 
0.80 0.74 
0.70 0.73 
0.73 0.77 
0.64 0.88 
0.68 0.92 
0.57 0.13 
0.60 0.17 
0.28 0.08 
0.37 0.17 
6.21 5.37 
0.86 0.81 
0.83 0.79 
0.63 0.65 
0.66 0.67 
0.54 0.20 
0.57 0.23 
0.49 0.05 
0.53 0.08 
0.40 0.00 
0.49 0.08 
6.00 3.55 
0.86 0.88 
0.83 0.84 
0.81 0.79 
0.85 0.82 
0.69 0.26 
0.76 0.30 
0.53 0.04 
0.57 0.08 
0.24 0.05 
0.33 0.14 
6.47 4.20 
0.81 0.80 
0.78 0.76 
0.00 0.67 
0.03 0.70 
0 .00  0 .60  
0.01 0.63 
0.00 0.45 
0.00 0.49 
0.02 0.13 
0.10 0.22 
1.75 5.45 
0.90 0.87 
0.86 0.84 
0.16 0.71 
0.18 0.73 
0.07 0.68 
0.11 0.72 
0.01 0.54 
0.06 0.58 
0.03 0.48 
0.12 0.57 
2.50 6.72 
0.80 0.82 
0.77 0.78 
0.06 0.69 
0.08 0.72 
0.00 0.64 
0.00 0.68 
0.01 0.39 
0.04 0.43 
0.00 0.00 
0.06 0.07 
1.82 5.22 
0.92 0.43 
0.88 0.39 
0.55 0.42 
0.57 0.45 
0 . 0 0  0 . 1 1  
0.03 0.15 
0.05 0.05 
0 . 0 8  0 . 0 8  
0.05 0.00 
0.14 0.06 
3.27 2.14 
0.77 0.39 
0.74 0.35 
0.36 0.40 
0.39 0.43 
0.06 0.02 
0.10 0.06 
0.04 0.00 
0 .08  0 .00  
0.02 0.00 
0.10 0.00 
2.66 1.65 
0.99 0.41 
0.95 0.38 
0.42 0.43 
0.45 0.45 
0 . 0 0  0 . 0 6  
0.00 0.09 
0 .00  0 .00  
0.01 0.02 
0 .00  0 .00  
0.04 0.02 
2.86 1.86 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
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9. Inches of plant available water in the soil measured on the indicated dates 
on Watershed 1 of the Castana Watersheds, Western Iowa Experimental Farm, 
Castana, Iowa 
6-16 6-7 6-13 6-5 5-27 6-16 6-7 6-13 6-5 5-27 
1967, 1968 1969 1970 1971 1967 1968 1969 1970 1971 
Plot IR Napier Plot IL Napier 
1.14 0.43 0.84 0.66 0.66 1.43 0. 52 0.54 0.84 0.72 
1.14 0.43 0.84 0.66 0.66 1.44 0.52 0.54 0.84 0.72 
1.28 0.53 0.90 0.72 0.72 1.29 0. 50 0.84 0.90 0.90 
1.28 0.53 0.90 0.72 0.72 1.29 0.51 0.84 0.90 0.90 
1.23 0.32 0.84 0.72 0.66 1.45 0.42 0.94 0.96 0.96 
1.23 0.31 0.84 0.72 0.66 1.45 0.41 0.94 0.96 0.96 
1.29 0.25 0.54 0.18 0.48 1.51 0.27 0.66 0.24 0.36 
1.29 0.25 0. 54 0.18 0.48 1. 51 0.27 0.66 0. 24 0. 36 
0.77 0.20 0.23 0.24 0. 21 0.57 0.22 0.24 0.24 0.36 
0.76 0.19 0.24 0.24 0.24 0.58 0.22 0.25 0.24 0.26 
Plot 2R Monona Plot 2L Monona 
1.23 0. 50 0.34 0.28 0.40 1.08 0.70 0.46 0.40 0,40 
1.27 0.55 0.38 0.32 0.44 1.12 0.74 0.50 0.44 0.44 
0.90 0.56 0.44 0.56 0.62 0.90 0.40 0.38 0.80 0.62 
0.91 0.57 0.45 0.57 0.63 0.91 0.42 0.39 0.81 0.63 
1.16 0.45 0.43 0.37 0.49 0.98 0.01 0.67 0.73 0.67 
1.20 0.49 0.47 0.41 0.53 1.02 0.05 0.71 0.77 0.71 
0.76 0.07 0.49 0.25 0.61 0.96 0.34 0.61 0.49 0.67 
0.76 0.07 0.49 0.25 0.61 0.95 0.34 0.61 0.49 0.67 
0.69 0.37 0. 55 0.37 0.61 0.46 0.62 0.55 0.43 0.79 
0.70 0.37 0.35 0.37 0.61 0.46 0.62 0. 55 0.43 0.79 
H M 
(0 
Table 9. (Continued) 
6-16 6-7 6-13 6-5 5-27 6-16 6-7 6-13 6-5 5-27 
1967 1968 1969 1970 1971 1967 1968 1969 1970 1971 
Plot ; 3R Ida Plot ; 3L Ida 
1 0.63 0.33 0.65 0. 53 0.59 0.62 0.44 0.59 0.53 0.53 
2 0.69 0.40 0.71 0. 59 0.65 0.68 0.50 0.65 0.59 0.59 
3 0.92 0.57 0.79 0.67 0.79 1.12 0.69 0.79 0.79 0.85 
4 0.94 0.57 0.80 0.68 0.80 1.13 0.70 0.80 0.80 0.86 
5 1.26 0.67 0.77 0.77 0.77 1.18 0.73 0.65 0.65 0.77 
6 1.25 0.66 0.77 0.77 0.77 1.19 0.73 0.65 0.65 0.77 
7 1.08 0.58 0.76 0.64 0.76 1.01 0.15 0.58 0.52 0.70 
8 1.06 0.56 0.74 0.62 0.74 1.00 0.14 0,56 0. 50 0.68 
9 0.71 0.37 0.75 0.51 0.75 0.79 0.29 0.69 0.45 0.75 
10 0.71 0.37 0.75 0. 51 0.75 0.79 0.29 0.69 0.45 0.75 
1 
2 
3 
4 
5 
6 
7 
8 
9 
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10. Inches of plant available water in the soil measured on the indicated 
dates on Watershed 2 of the Castana Watersheds, Western Iowa Experimental 
Farm, Castana, Iowa 
6-13 6-7 6-13 6-4 5-27 6-13 6-7 6-13 6-4 5-27 
1967 1968 1969 1970 1971 1967 1968 1969 1970 1971 
Plot IR Napier Plot IL Napier 
1.25 0.66 1.08 1.08 0.96 0.72 0.66 0.96 0.84 0.84 
1.25 0.66 1.08 1.08 0.96 0.72 0.66 0.96 0.84 0.84 
1.57 1.17 1.20 1.14 1.08 1.34 1.08 1.08 1.08 0.90 
1.57 1.17 1.20 1.14 1.08 1.34 1.08 1.08 1.08 0.90 
1.66 0.72 1.08 1.08 0. 90 1.41 0.82 0.90 0.96 0.72 
1.65 0.72 1.08 1.08 0.90 1.41 0.82 0.90 0.96 0.72 
1.54 0.56 0.96 1.08 0.72 1.30 0.47 0.66 0.72 0.54 
1.54 0. 56 0.96 1.08 0.72 1.30 0.47 0.66 0.72 0.54 
1.43 0.64 0.90 1.08 0.54 1.04 0.35 0.72 0.72 0.60 
1.44 0.64 0.90 1.08 0.54 1.04 0.35 0.72 0.72 0.60 
H 
CO 
Plot 2R Monona Plot 2L Monona 
1.37 0.61 0.28 0.64 0.58 1.10 0.63 0.58 0.46 0.52 
1.41 0.65 0.32 0.68 0.62 1.14 0.68 0.62 0.50 0.56 
1.07 0.96 0.50 0.80 0.62 0.85 0.55 0.50 0.44 0.56 
1.09 0.97 0.51 0.81 0.63 0.86 0. 55 0.51 0.45 0.57 
1.03 0. 58 0.49 0.43 0. 55 0.90 0.23 0.43 0.07 0.55 
1.06 0.62 0.53 0.47 0. 59 0.93 0.27 0.47 0.11 0. 59 
0.94 0.36 0.73 0.43 0.61 0.86 0.05 0.55 0.07 0.67 
0.94 0.35 0.73 0.43 0.61 0.86 0.05 0.55 0.07 0.67 
0.55 0.58 0.79 0.43 0.61 0.64 0.28 0.43 0.07 0.37 
0. 55 0. 58 0.79 0.43 0.61 0.65 0.27 0.43 0.07 0.37 
Table 10. (Continued) 
6-13 6-7 6-13 6-4 5-27 6-13 6-7 6-13 6-4 5-27 
1967 1968 1969 1970 1971 1967 1968 1969 1970 1971 
Plot 3R Ida Plot 3L Ida 
1 0.97 0.53 0.29 0.89 0.53 0.69 0.50 0.71 0.53 0.53 
2 1.04 0.60 0.35 0.95 0. 59 0.75 0. 56 0.77 0.59 0.59 
3 1.16 0.68 0.25 0. 25 0.13 1.07 0.62 0.85 0.61 0.73 
4 1.17 0.69 0.26 0.26 0.14 1.08 0.64 0.86 0.62 0.74 
5 1.20 0. 59 0. 59 0.41 0.59 1.17 0.69 0.83 0.65 0.77 
6 1.21 0. 59 0. 59 0.41 0.59 1.18 0.69 0.83 0.65 0.77 
7 1.11 0.09 0.64 0.16 0.64 0.83 0.16 0.70 0.40 0.64 
8 1.10 0. 08 0.62 0.14 0.62 0.80 0.14 0.68 0.38 0.62 
9 1.01 0. 29 0.51 0.27 0.51 0.39 0.19 0.69 0.33 0.51 
10 1.02 0.30 0.51 0.27 0.51 0.39 0.20 0.69 0.33 0.51 
1 
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11. Inches of plant available water in the soil measured on the indicated 
dates on Watershed 4 of the Castana Watersheds, western Iowa Experimental 
Farm, Castana, Iowa 
6-16 6-5 6-13 6-5 5-27 6-16 6-5 6-13 6-5 5-27 
1967 1968 1969 1970 1971 1967 1968 1969 1970 1971 
Plot IR Napier Plot IL Monona 
0.87 0. 53 0. 52 0.52 0.52 1.10 0.44 0.64 0.46 0.52 
0.92 0.58 0.56 0. 52 0.56 1.14 0.48 0.68 0.50 0.56 
0.95 0.75 0. 50 0.50 0.50 1.19 0.71 0.56 0.50 0.56 
0.96 0.77 0.51 0.51 0.51 1.20 0.72 0.57 0.51 0.57 
1.03 0.44 0. 55 0.61 0.73 1.04 0.07 0.55 0.43 0.61 
1.07 0.48 0. 59 0.65 0.77 1.08 0.11 0.59 0.47 0.65 
1.03 0.15 0.73 0.61 0.61 1.01 0.29 0.43 0.13 0.43 
1.02 0.15 0.73 0.61 0.61 1.01 0. 29 0.43 0.13 0.43 
0.82 0.31 0.67 0.55 0.85 0.41 0.42 0.49 0.31 0.67 
0.81 0. 32 0.67 0.55 0.85 0.40 0.42 0.49 0.31 0.67 
Plot 2R Monona Plot 2L Monona 
0. 53 0.11 0.40 0.70 0.40 0.97 0.44 0.34 0.34 0.40 
0.57 0.15 0.44 0.74 0.44 1.02 0.48 0.38 0.38 0.44 
1.33 0.97 0.56 0.56 0.62 1.08 0.53 0.56 0.56 0.56 
1.34 0.97 0.57 0. 57 0.63 1.10 0. 55 0.57 0.57 0.57 
1.08 0.57 0.67 0.49 0.61 1.02 0.46 0.43 0.43 0.55 
1.12 0.62 0.71 0.53 0.65 1.05 0.50 0.47 • 0.47 0.59 
1.11 0.36 0.85 0.61 0.73 1.02 0.28 0.55 0.49 0.67 
1.11 0.35 0.85 0.61 0.73 1.02 0.28 0. 55 0.49 0.67 
1.02 0.58 0.97 0.61 0.79 0.49 0.43 0.55 0.37 0.67 
1.02 0. 58 0.97 0.61 0.79 0.48 0.44 0. 55 0.37 0.67 
Table 11. (Continued) 
6-16 6-5 6-13 6-5 5-27 6-16 6-5 6-13 6-5 5-27 
1967 1968 1969 1970 1971 1967 1968 1969 1970 1971 
Plot 3R Ida Plot 3L Ida 
1 0.86 0.70 0. 59 0.35 0.65 0.67 0.16 0.29 0.59 0.53 
2 0.92 0.76 0.65 0.41 0.71 0.74 0.22 0.35 0.65 0.59 
3 1.00 0.75 0.61 0.55 0.67 1.02 0.70 0.61 0.55 0.67 
4 1.01 0.75 0.62 0.56 0.68 1.03 0.72 0.62 0. 56 0.68 
5 1.06 0.51 0. 53 0.47 0.65 1.09 0.57 0.65 0.47 0.71 
6 1.06 0. 50 0.53 0.47 0.65 1.09 0.57 0.65 0.47 0.71 
7 0.97 0.14 0.64 0.16 0.64 1.13 0.21 0.64 0.16 0.70 
8 0.95 0.12 0.62 0.14 0.62 1.13 0.19 0.62 0.14 0.68 
9 0.49 0.26 0.51 0.27 0.57 0.72 0.37 0.81 0.63 0.87 
10 0.47 0.26 0.51 0.27 0.57 0.71 0.37 0.81 0.63 0.87 
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12. Inches of plant available water in the soil measured on the indicated 
dates on Watershed 5 of the Castana Watersheds, Western Iowa Experi­
mental Farm, Castana, Iowa 
6-16 6-5 6-13 6-5 5-27 6-16 6-5 6-13 6-5 5-27 
1967 1968 1969 1970 1971 1967 1968 1969 1970 1971 
Plot IR Napier Plot IL Napier 
1.04 0.62 0.72 0.66 0.66 0.80 0.76 0.72 0.90 0.90 
1.04 0.62 0.72 0.66 0.66 0.80 0.76 0.72 0.90 0.90 
1.46 0. 55 0.66 0.72 0.78 1.35 0.85 1.02 0.96 0.96 
1.46 0.55 0.66 0.72 0.78 1.35 0.85 1.02 0.96 0.96 
1.59 0.02 0.72 0.72 0.72 1.24 0.35 1.02 0.84 1.02 
1.59 0.02 0.72 0.72 0.72 1.24 0.35 1.02 0.84 1.02 
1.60 0.27 0.72 0.54 0.66 1.16 0.48 1.08 0.72 0.72 
1.60 0.27 0.72 0.54 0.66 1.15 0.48 1.08 0.72 0.72 
1.55 0.42 0.78 0.54 0.42 0.66 0.64 1.08 0.78 0.72 
1.55 0.42 0.78 0.54 0.42 0.65 0.66 1.08 0.78 0.72 
Plot 2R Monona Plot 2L Monona 
0.66 0.00 0.60 0.72 0.60 0.73 0.19 0.76 0.58 0,70 
0.66 0.00 0.60 0.72 0.60 0.77 0.24 0.80 0.62 0,74 
1.20 0.83 0.54 0.60 0.54 1.33 0.91 0.68 0.62 0.62 
1.20 0.83 0.54 0.60 0.54 1.35 0.93 0.69 0.63 0.63 
1.03 0.00 0.24 0.42 0.36 1.00 0.24 0.67 0.67 0.67 
1.03 0.00 0.24 0.42 0.36 1.03 0.23 0.71 0.71 0.71 
1.00 0.00 0.42 0.54 0.54 0.96 0.14 0.67 0.55 0.67 
1.00 0.00 0.42 0.54 0.54 o. 95 0.13 0.67 0. 55 0.67 
0.48 0.04 0.60 0.54 0.66 0.83 0.12 0.55 0.31 0.61 
0.48 0.04 0.60 0.54 0.66 0.83 0.11 0.55 0.31 0.61 
Table 12. (Continued) 
6-16 6-5 6-13 6-5 5-27 6-16 6-5 6-13 6-5 5-27 
1967 1968 1969 1970 1971 1967 1968 1969 1970 1971 
Plot 3R Ida Plot 3L Ida 
1 0.87 0.26 0.76 0.82 0.64 0.95 0.53 0.59 0.59 0.11 
2 0.92 0.30 0.80 0.86 0.68 1.01 0.60 0.65 0.65 0.17 
3 0.90 0.83 0.92 0.98 0.92 1.59 0.47 0.55 0.73 0.67 
4 0.91 0.85 0.93 0.99 0.93 1.60 0.47 0.56 0.74 0.68 
5 0.96 0.32 0.79 0.97 0.91 1.62 0.43 0. 59 0.65 0.65 
6 1.00 0.35 0.83 1.01 0.95 1.62 0.43 0. 59 0.65 0.65 
7 0.89 0.36 0.61 0.67 0.67 0.64 0.16 0. 52 0.58 0.64 
8 0.89 0.36 0.61 0.67 0.67 0.62 0.13 0. 50 0.56 0.62 
9 0.70 0.23 0.37 0.43 0.43 0.39 0.22 0.63 0.45 0.63 
10 0.70 0.22 0.37 0.43 0.43 0.37 0. 23 0.63 0.45 0.63 
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Table 13. Inches on plant available water in the soil mea­
sured on the indicated dates on Watershed 4 of the 
Treynor Watersheds, Treynor, Iowa 
Depth 6-19 6-17 6-11 6-16 6-19 6-17 6-11 6-16 
(ft) 1968 1969 1970 1971 1968 1969 1970 1971 
Set I #1 Napier Set II # 1 Monona 
0. 0-0. 5 1. 01 1.22 0.81 0. 75 0. 79 0.98 0.93 0. 55 
0. 5-1. 0 1. 15 1.31 1.11 1. 10 1. 07 1.15 1.09 0. 85 
1. 0-1. 5 1. 08 1.02 0.95 0. 88 1. 02 1.11 0.99 0. 96 
1. 5-2. 0 0. 98 0.92 0.89 0. 92 0. 95 0.97 0.92 1. 00 
2. 0—2. 5 0. 93 0.91 0.85 0. 95 0. 97 1.03 0.97 1. 02 
2. 5-3. 0 0. 89 0.93 0.88 0. 99 1. 03 1.11 1.07 1. 17 
3. 0—3. 5 1. 01 0.95 0.98 1. 05 0. 90 1.22 1.02 1. 22 
3. 5-4. 0 1. 01 0.85 0.98 1. 05 0. 90 1.22 1.02 1. 22 
4. 0-4. 5 0. 95 0.89 0.89 0. 97 1. 13 1.29 1.15 1. 27 
4. 5-5. 0 0. 95 0.89 0.89 0. 97 1. 13 1.29 1.15 1. 27 
Set I #2 Napier Set II #2 Monona 
0.0-0.5 1.10 1.07 0.96 0.80 0.79 0.91 0.59 
0.5-1.0 1.26 1.31 1.31 1.02 1.13 1.09 0.91 
1.0-1.5 1.21 1.20 1.02 0.98 1.13 0.95 1.03 
1. 5-2. 0 1.17 1.19 1.21 1.24 1.06 0.93 1.06 
2.0-2.5 1.11 1.12 1.17 1.14 1.07 0.95 1.10 
2.5-3.0 1.06 1.12 1.05 1.08 1.15 1.00 1.06 
3.0-3.5 0.95 0.95 0.94 0.95 1.27 1.22 1.31 
3.5-4.0 0.95 0.95 0.94 0.95 1.27 1.22 1.31 
4.0-4.5 0.87 0.86 0.89 0.88 1.25 1.22 1.27 
4.5-5.0 0.87 0.86 0.89 0.88 1.25 1.22 1.27 
Set I #3 Ida Set II # 3 Monona 
0.0-0.5 1.03 1.14 0.98 0.73 0.79 1.22 0.85 0.78 
0.5-1.0 1.28 1.15 1.24 0.89 0.90 1.20 1.04 0.98 
1.0-1.5 1.23 1.16 1.07 1.16 0.86 0.96 0.77 0.82 
1.5-2.0 1.16 1.28 1.25 1.27 0.77 0.83 0.76 0.77 
2. 0-2. 5 1.10 1.30 1.13 1.15 0.94 0.96 0.96 1.02 
2.5-3.0 1.06 1.20 1.18 1.20 1.00 1.09 1.11 1.14 
3.0-3.5 0.54 1.07 1.18 1.10 1.05 1.26 1.19 1.28 
3.5-4.0 0.52 1.05 1.09 1.08 1.05 1.26 1.19 1.28 
4.0-4.5 0.61 0.91 0.94 0.97 1.03 1.23 1.14 1.31 
4.5-5.0 0.61 0.91 0.94 0.97 1.03 1.23 1.14 1.31 
Set : I #4 Ida Set II #' 4 Monona 
0.0-0.5 0.84 1.05 0.95 0.76 0.77 0.98 0.89 0.68 
0.5-1,0 1.04 1.22 1.09 1.10 0.95 1.36 1.04 1.00 
1.0-1.5 
1.5-2.0 
1.04 
1.00 
1 .06  
1.02 
0.90 
0.85 
0.60 
0.97 
1.00 
0.98 
1.04 
1.00 
0.84 
0.87 
0.91 
0.94 
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Table 13. (Continued) 
Depth 6-19 6-17 6-11 6-16 6-19 6-17 6-11 6-16 
(ft) 1968 1969 1970 1971 1968 1969 1970 1971 
2. .0—2. 5 0.97 1.02 0.92 1.00 0.85 0.91 0.82 0.90 
2. 5-3. 0 0.96 0.93 0.89 0.97 0.82 1.07 1.07 1.05 
3. 0-3. 5 0.90 1.01 0.94 1.05 0.78 1.26 1.07 1.30 
3. 5-4. 0 0.90 1.01 0.94 1.05 0.78 1.26 1.07 1.30 
4. 0-4. 5 0.91 1.25 1.21 1.30 1.04 1.27 1.25 1.31 
4. 5—5. 0 0.91 1.25 1.21 1.30 1.04 1.27 1.25 1.31 
7-1 6-17 6-11 7-22 6-21 6-16 6-11 7-2 
1968 1969 1970 1971 1968 1969 1970 1971 
Set III # 1 Monona Set IV #1 Monona 
0. 0-0. 5 0.02 0.82 0.90 0.80 1.19 1.35 0.79 1.04 
0. 5-1. 0 0.82 1.10 0.99 0.99 1.34 1.32 1.34 1.01 
1. 0-1. 5 0.79 0.82 0.76 0.60 1.16 1.20 0.93 0.94 
1. 5—2. 0 0.82 0.77 0.77 0.83 1.02 1.11 0.87 0.92 
2. 0—2. 5 0.89 0.87 0.86 0.86 0.98 1.05 1.06 1.05 
2. 5—3. 0 0.96 0.91 0.89 0.96 0.99 1.06 1.11 1.08 
3. 0—3. 5 1.10 0.97 1.03 1.05 0.99 1.00 1.17 1.15 
3. 5-4. 0 1.10 0.97 1.03 1.05 0.99 1.00 1.17 1.15 
4. 0-4. 5 1.07 1.08 1.07 1.09 0.84 1.09 1.23 1.23 
4. 5-5. 0 1.07 1.08 1.07 1.09 0.84 1.09 1.23 1.23 
Set III # 2 Monona Set IV #2 Monona 
6-16 
1971 
0. 0-0. 5 0.40 0.90 1.00 1.00 0.84 1.07 0.79 0.80 
0. 5-1. 0 0.80 1.14 1.14 1.19 1.08 1.36 1.34 0.94 
1. 0-1. 5 0.61 1.12 0.91 1.08 0.93 1.14 0.91 0.89 
1. 5-2. 0 0.63 0.97 0.92 1.06 0.84 1.00 0.84 0.75 
2. 0—2. 5 0.76 0.87 0.83 0.87 0.89 0.97 0.90 0.74 
2. 5-3. 0 0.82 0.93 0.94 0.97 0.88 0.95 0.91 0.89 
3. 0-3. 5 0.75 1.15 1.11 1.06 0.87 1.00 1.08 1.01 
3. 5-4. 0 0.75 1.15 1.11 1.06 0.87 1.00 1.08 1.01 
4. 0-4. 5 0.77 1.23 1.16 1.14 0.81 1.05 1.14 1.10 
4. 5-5. 0 0.77 1.23 1.16 1.14 0.81 1.05 1.14 1.10 
Set III #3 Monona Set IV #3 Monona 
6-20 
1968 
0.0-0.5 0.64 0.82 0.75 0.80 0.36 1.04 0.84 0.90 
0.5-1.0 0.68 1.20 0.89 0.79 1.01 1.35 1.18 1.04 
1.0-1.5 0.77 0.84 0.64 0.46 0.87 1.06 0.94 1.06 
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Table 13. (Continued) 
Depth 6-20 6-17 6-11 7-2 6-21 6-16 6-11 6-16 
(ft) 1968 1969 1970 1971 1968 1969 1970 1971 
1. 5-2.0 0.70 0.80 0.69 0.55 0. 70 0.87 0.73 0. 94 
2. 0-2.5 0.83 0.88 0.87 0.74 0. 72 0.80 0.71 0. 95 
2. 5-3.0 0.87 0.99 0.94 0.92 0. 81 0.90 0.82 0. 92 
3. 0-3.5 0.76 1.03 0.93 0.93 0. 72 0.99 0.94 1. 04 
3. 5-4.0 0.76 1.03 0.93 0.93 0. 72 0.99 0.94 1. 04 
4. 0-4.5 0.80 1.03 0.94 1.02 0. 59 1.13 0.99 1. 13 
4. 5-5. 0 0.80 1.03 0.94 1.02 0. 59 1.13 0.99 1. 13 
Set III #4 Monona Set IV #4 Monona 
7-2 
1971 
0. 0-0. 5 0.58 0. 90 0.80 0.85 0. 40 1.05 0. 84 1.06 
0. 5-1. 0 0.74 1. 21 0.99 0.89 0. 96 1.36 1. 18 1.22 
1. 0-1. 5 0.69 0. 75 0.74 0.23 1. 11 0.70 0. 79 0.49 
1. 5-2. 0 0.70 0. 73 0.64 0.42 0. 94 1.04 0. 81 0.80 
2. 0—2. 5 0.82 0. 81 0.81 0.66 0. 77 0.86 0. 97 0.90 
2. 5-3. 0 0.70 0. 87 0.82 0.73 0. 58 0.75 1. 11 1.00 
3. 0—3. 5 9,77 0. 97 0.88 0.93 0. 47 0.85 1. 10 1.04 
3. 5-4. 0 0.77 0. 97 0.88 0.93 0. 47 0.85 1. 10 1.04 
4. 0-4. 5 0.57 0. 84 0.74 0.80 0. 56 1.19 1. 15 1.23 
4. 5-5. 0 0.57 0. 84 0.74 0.80 0. 56 1.19 1. 15 1.23 
6-21 6-16 6-11 6-16 
1968 1969 1970 1971 
6-21 6-16 6-11 6-16 
1968 1969 1970 1971 
Set V #1 Monona Set VI #1 Ida 
0. 0-0.5 0.72 1. 04 0.86 0.90 0.68 0.84 0.86 1.03 
0. 5-1.0 1.10 1. 28 1.32 1.04 1.10 1.06 1.32 1.19 
1. 0-1.5 1.14 1. 22 1.04 1.01 1.05 0.81 1.08 1.12 
1. 5-2.0 1.20 1. 30 1.22 1.27 1.07 1.11 1.14 1.18 
2. 0-2. 5 0.97 1. 14 1.00 1.02 1.08 1.19 1.17 1.26 
2. 5-3.0 0.74 0. 97 0.91 0.98 1.11 1.14 1.17 1.26 
3. 0-3.5 0.71 1. 01 1.01 1.02 1.09 1.22 1.23 1.37 
3. 5-4.0 0.71 1. 01 1.01 1.02 1.07 1.20 1.21 1.35 
4. 0-4.5 0.87 1. 22 1.04 1.19 1.16 1.27 1.28 1.40 
4. 5— 5.0 0.87 1. 22 1.04 1.19 1.16 1.27 1.28 1.40 
Set V #2 Monona Set VI #2 Ida 
0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5-2.0 
0.94 
1.34 
1 . 1 0  
0.97 
1.09 
1.39 
1.17 
0.98 
0.86 
1.32 
1.07 
0.91 
0.90 
1.04 
1.07 
0.97 
0.87 1.19 
1.17 1.37 
1.04 1.09 
0.86 0.98 
0.86 0.93 
1.32 1.09 
1.08 1.03 
0.96 1.07 
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Table 13. (Continued) 
Depth 6-21 6-16 6-11 6-16 6-21 6-16 6-11 6-16 
(ft) 1968 1969 1970 1971 1968 1969 1970 1971 
2.0-2.5 0.99 0.95 0.92 0.99 0.95 1.06 1.09 1.03 
2.5-3.0 1.00 0.99 0.99 0.98 0.99 1.23 1.17 1.21 
3.0-3.5 1.14 0.95 1.02 1.03 1.05 1.28 1.20 1.42 
3.5-4.0 1.14 0.95 1.02 1.03 1.03 1.26 1.18 1.40 
4.0-4.5 1.31 1.04 1.13 1.16 1.00 1.21 1.12 1.34 
4.5-5.0 1.31 1.04 1.13 1.16 1.00 1.21 1.12 1.34 
Set V #3 Monona Set VI #3 Monona 
0. 0-0. 5 0.93 1.10 0.84 0.80 0. 60 1. 02 0.77 0.80 
0. 5-1. 0 1.27 1.36 1.16 0.94 1. 18 1. 31 0.95 0.94 
1. 0-1. 5 0.89 0.94 0.72 0.81 0. 70 0. 82 0.66 0.66 
1. 5—2. 0 0.81 0.89 0.75 0.81 0. 71 0. 78 0.64 0.73 
2. 0—2. 5 0.87 0.87 0.81 0.85 0. 78 0. 84 0.80 0.81 
2. 5-3. 0 0.86 0.91 0.89 0.88 0. 68 0. 84 0.78 0.78 
3. 0-3. 5 0.59 0.98 0.86 0.99 0. 56 1. 00 0.86 1.04 
3. 5-4. 0 0.59 0.98 0.86 0.99 0. 56 1. 00 0.86 1.04 
4. 0-4. 5 0.61 1.03 0.84 1.02 0. 72 1. 03 0.97 1.07 
4. 5-5. 0 0.61 1.03 0.84 1.02 0. 72 1. 03 0.97 1.07 
Set V #4 Monona Set VI #4 Ida 
0. 0-0. 5 0.70 1.01 0.84 0.90 0.53 0. 95 0.90 1.03 
0. 5-1. 0 1.09 1.29 1.16 1.04 1.15 1. 33 1.10 1.19 
1. 0-1. 5 1.02 1.13 0.90 0.90 0.87 1. 04 0.96 1.07 
1. 5-2. 0 0.74 0.88 0.67 0.56 1.09 1. 18 1.15 1.18 
2. 0-2. 5 0.78 0.81 0.67 0.77 1.12 1. 23 1.07 1.18 
2. 5-3. 0 0.43 0.91 0.71 0.90 1.09 1. 24 1.15 1.26 
3. 0-3. 5 0.39 1.08 0.69 1.04 1.01 1. 21 0.99 1.09 
3. 5-4. 0 0.39 1.08 0.69 1.04 0.99 1. 19 0.97 1.07 
4. 0-4. 5 0.65 1.07 0.73 1.06 0.99 1. 09 1.01 1.07 
4. 5-5. 0 0.65 1.07 0.73 1.06 0.99 1. 09 1.01 1.07 
Set VII #1 Napier Set VIII #1 Napier 
7-2 7-2 
1971 1971 
010-0. 5 0.40 1.04 0. 77 0.98 0. 57 0. 94 0. 68 0.97 
0.5-1. 0 1.08 1.21 1. 02 1.08 1. 20 1. 38 1. 03 1.26 
1.0-1. 5 0.82 1.12 1. 00 0.47 1. 10 1. 04 0. 87 0.95 
1.5-2. 0 0.90 1.02 0. 98 0.90 1. 04 1. 11 0. 99 1.06 
2.0-2. 5 0.94 1.00 0. 99 0.94 1. 08 1. 02 0. 95 1.07 
2.5-3. 0 0.94 0.99 1. 00 0.95 1. 01 1. 00 1. 00 1.10 
3.0-3. 5 0.85 0.94 0. 96 0.93 1. 09 1. 03 1. 07 1.15 
3.5-4. 0 0.85 0.94 0. 96 0.93 1. 09 1. 03 1. 07 1.15 
4-0-4. 5 0.78 0.96 0. 99 0.94 1. 07 1. 06 1. 13 1.14 
4.5-5. 0 0.78 0.96 0. 99 0.94 1. 07 1. 06 1. 13 1.14 
Table 13. (Continued) 
Depth 6-21 6-16 6-11 7-2 6-21 6-16 6-11 6-16 
(ft) 1968 1969 1970 1971 1968 1969 1970 1971 
Set VII #2 Ida Set VIII #2 Napier 
0. 0-0.5 0.46 0. 93 0.95 0. 94 0.59 0. 89 0.68 0.76 
0. 5-1.0 0.99 1. 18 1.25 1. 01 1.12 0. 98 1.03 0.86 
1. 0-1.5 1.05 1. 14 1.05 0. 79 0.95 1. 00 0.93 0.77 
1. 5-2.0 0.95 1. 03 0.97 0. 95 0.83 0. 93 0.82 0.92 
2. 0-2.5 0.98 1. 10 1.00 1. 03 0.74 0. 81 0.75 0.81 
2. 5-3.0 1.03 1. 12 1.03 1. 04 0.67 0. 81 0.71 0.83 
3. 0—3.5 0.93 1. 13 1.01 1. 14 0.86 1. 03 0.92 1.06 
3. 5-4.0 0.91 1. 11 0.99 1. 12 0.86 1. 03 0.92 1.06 
4. 0-4.5 0.99 1. 11 1.02 1. 15 0.98 1. 09 1.00 1.07 
4. 5-5.0 0.99 1. 11 1.02 1. 15 0.98 1. 09 1.00 1.07 
Set VII #3 Ida Set VIII #3 Ida 
0. 0-0.5 0.77 1. 17 0.98 1. 12 0.32 0. 98 0.77 0.83 
0. 5-1.0 1.13 1. 37 1.10 1. 18 1.20 1. 20 0.91 0.99 
1. 0-1.5 0.79 0. 91 0.83 0. 68 0.71 0. 76 0.76 0.76 
1. 5-2.0 0.89 0. 93 0.86 0. 79 0.88 0. 90 0.87 0.96 
2. 0-2.5 0.97 1. 02 1.01 0. 97 1.04 1. 07 0.98 1.10 
2. 5-3.0 0.97 1. 09 1.02 1. 01 1.05 1. 11 1.00 1.16 
3. 0-3.5 1.00 1. 22 1.04 1. 17 1.25 1. 29 1.23 1.34 
3. 5-4.0 0.98 1-20 1.02 1. 15 1.23 1. 27 1.21 1.32 
4. 0-4.5 1.04 1. 16 1.06 1. 16 1.30 1. 34 1.28 1.39 
4. 5-5.0 1.04 1. 16 1.06 1. 16 1.30 1. 34 1.28 1.39 
Set VII #4 Napier Set VIII : 
0. 0-0. 5 0. 40 1.20 0.94 1.06 0.23 0.87 
0. 5-1. 0 1. 10 1.38 1.07 1.26 0.82 1.05 
1. 0-1. 5 1. 05 1.14 0.98 0.67 1.10 1.02 
1. 5—2. 0 1. 03 1.08 0.98 0.94 1.08 0.98 
2. 0—2. 5 1. 05 1.01 0.95 0.88 1.08 0.88 
2. 5—3. 0 1. 06 1.10 1.00 0.93 1.00 0.73 
3. 0—3. 5 1. 04 1.05 1.00 0.93 0.92 0.85 
3. 5-4. 0 1. 04 1.05 1.03 0.93 0.92 0.85 
4. 0-4. 5 0. 67 1.00 1.02 0.97 0.84 0.78 
4. 5-5. 0 0. 67 1.00 1.02 0.97 0.84 0.78 
Set IX #1 Ida 
6-16 
1971 
0. 0-0. 5 0. 60 1.01 0.94 1.03 
0. 5-1. 0 1. 00 1.24 1.07 1.19 
1. 0-1. 5 1. 16 1.19 1.10 1.07 
1. 5-2. 0 1. 21 1.17 1.07 1.14 
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Table 13. (Continued) 
Depth 6-21 6-16 6-11 6-16 
(ft) 1968 1969 1970 1971 
2.0-2.5 1.32 
2.5-3.0 1.44 
3.0-3.5 1.41 
3.5-4.0 1.39 
4.0-4.5 1.39 
4.5-5.0 1.39 
1.27 1.23 1.28 
1.41 1.36 1.48 
1.44 1.40 1.48 
1.42 1.38 1.43 
1.41 1.41 1.47 
1.41 1.41 1.47 
Set IX #2 Napier 
7-2-71 
0. 0-0.5 0. 98 0. 99 0. 77 0. 93 
0. 5-1.0 1. 07 1. 19 0. 94 0. 83 
1. 0-1.5 1. 02 1. 05 1. 01 0. 99 
1. 5-2.0 1. 04 1. 05 1. 05 1. 04 
2. 0-2.5 1. 12 1. 08 1. 08 1. 16 
2. 5-3.0 1. 07 1. 16 1. 11 1. 06 
3. 0-3.5 1. 15 1. 14 1. 20 1. 09 
3. 5-4.0 1. 15 1. 14 1. 20 1. 09 
4. 0-4.5 1. 06 1. 10 1. 12 1. 09 
4. 5-5.0 1. 06 1. 10 1. 12 1. 09 
Set IX #3 Monona 
0. 0-0.5 0. 48 0.98 0.82 0. 94 
0. 5-1.0 1. 25 1.27 1.13 1. 36 
1. 0-1.5 0. 87 1.01 0.86 0. 77 
1. 5-2.0 0. 88 0.85 0.68 0. 70 
2. 0-2.5 0. 85 0.80 0.70 0. 68 
2. 5—3,0 0. 82 0.69 0.69 0. 66 
3. 0-3.5 0. 76 0.74 0.69 0. 65 
3. 5-4,0 0. 76 0.74 0.69 0. 65 
4. 0-4.5 0. 69 0.74 0.72 0. 73 
4. 5-5. 0 0. 69 0.74 0.72 0. 73 
Set IX #4 Ida 
6-16-71 
0.0-0.5 0.82 0.93 0.99 1.03 
0.5-1.0 1.13 1.39 1.36 1.19 
1.0-1.5 1.11 1.27 1.04 1.13 
1.5-2.0 1.18 1.32 1.16 1.29 
2.0-2.5 1.23 1.35 1.17 1.29 
2.5-3,0 1.16 1.33 1.14 1.37 
3.0-3.5 1.28 1.46 1.25 1.38 
3.5-4.0 1.26 1.44 1.23 1.36 
4. 0-4. 5 1.31 1.44 1.36 1.49 
4.5-5.0 1.31 1.44 1.36 1.49 
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APPENDIX B: REGRESSION ANALYSIS 
Table 14. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 7 196679.24 28097.03 79.47 0.0001 0.69 17.43 
Error 252 89094.07 353.54 
Corr. total 259 285773.31 Yield 
Std dev mean 
18.80 107.81 
Sequential Partial 
88 F value Prob F 88 F value Prob F 
LOG 1 45927.79 129.90 0.0001 2130.90 6. 02 0.0141 
SOIL 2 2207.32 3.12 0.0444 1068.95 1. 51 0.2208 
STAND 1 78156.36 221.06 0.0001 48686.38 137.70 0.0001 
STRC 1 69128.23 195.52 0.0001 67.05 0.18 0.6677 
STRCSQ 1 249.39 0.70 0.5934 1079.97 3.05 0.0779 
STRCLOC 1 1010.12 2.85 0.0882 1010.12 2.85 0.0882 
T for Std B 
B values HO;B=0 Prob T Std err B values 
Intercept 44.21 5.17 0.0001 8. 54 0.0 
Stand 5.43 11.73 0.0001 0. 46 0.43 
STRC 0.82 0.43 0.6677 1. 89 0.17 
STRCSQ .-0.03 -1.74 0.0779 0. 017 -0.23 
STRCLOC -1.11 -1.69 0.0882 0. 66 -0.47 
Table 15. Analysis of variance, regression coefficients, and statistics of fit for 
tbo dependent variable yield 
Sum of Mean 
Source DP squares square F value Prob F R-square C.V.% 
Regression 7 196942.17 28134.59 79.81 0. 0001 0 .69 17.41 
Error 252 88831.14 352.50 
Corr. total 259 285773.31 Yield 
Std dev mean 
18 .77 107.81 
Sequential Partial 
SS F value Prob F SS F value Prob F 
LOG 1 45927.79 130. 28 0. 0001 12130 . 37 34. 41 0.0001 
Soil 2 2207.32 3. 13 0. 0440 1299 .31 1. 84 0.1583 
Stand 1 78156.36 221. 71 0. 0001 52016 .54 147. 56 0.0001 
STCM 1 60151.10 170. 63 0. 0001 5899 .91 16. 73 0.0002 
STCMSQ 1 2193.19 6. 22 0. 0127 8794 .27 24. 94 0.0001 
STCMLOC 1 8306.37 23. 56 0. 0001 8306 .37 23. 56 0.0001 
T for Std B 
B values HO:B=0 Prob T Std err B values 
Intercept 32.24 3. 88 0.0001 8. 54 0.0 
Stand 5.59 12. 14 0.0001 0. 46 0.44 
STCM 8.26 4. 09 0.0002 2. 02 1.72 
STCMSQ -0.09 -4. 99 0.0001 0. 019 -0.70 
STCMLOC -3.53 -4. 85 0.0001 0. 72 -1.47 
Table 16. Analysis of variance, regression coefficients, and statistics of fit 
for the dependent variable yield 
Source DF 
Sum of 
squares 
Mean 
square F value Prob F R-square C.V.% 
Regression 7 
Error 252 
Corr. total 259 
194554.65 
91218.66 
285773.31 
27793.52 
361.97 
76.78 0.0001 0.68 
Std dev 
19.02 
17.64 
Yield 
mean 
107.81 
Sequential 
88 F value 
Partial 
Prob F 88 F value Prob F 
LOG 1 45927.79 126.87 0. 0001 8499.83 23. 48 0.0001 
Soil 2 2207.32 3.04 0. 0477 1418.02 1. 95 0.1410 
Stand 1 78156.36 215.91 0. 0001 56003.18 154. 71 0.0001 
RTRC 1 56141.81 155.09 0. 0001 6926.02 19. 13 0.0001 
RTRCSQ 1 3370.02 9.31 0. 0029 11694.08 32. 30 0.0001 
RTRCLOC 1 8751.33 24.17 0. 0001 8751.33 24. 17 0.0001 
T for Std B 
B values HO:B=0 Prob T Std err B values 
Intercept 22.08 2.37 0.0174 9. 30 0.0 
Stand 5.77 12.43 0.0001 0. 46 0.45 
RTRC 8.44 4.37 0.0001 1. 93 2.19 
RTRCSQ -0.09 -5.68 0.0001 0. 016 -1.00 
RTRCLOC -3.04 -4.91 0.0001 0. 61 -1.52 
Table 17. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 7 
Error 252 
Corr. total 259 
200148.82 
85624.49 
285773.31 
28592.68 
339.77 
84.15 0 .0001  0.70 17.09 
Yield 
Std dev mean 
18.43 107.81 
Sequential Partial 
88 F value Prob F 88 F value Prob F 
LOG 1 45927.79 135.16 0.0001 26957. 93 79.33 0.0001 
Soil 2 2207.32 3.24 0.0392 1787, 05 2.62 0.0722 
Stand 1 78156.36 230.02 0.0001 56805. 24 167.18 0.0001 
RTCM 1 41757.69 122.89 0.0001 23749. 19 69.89 0.0001 
RTCMSQ 1 8236.72 24.24 0.0001 29031. 98 85.44 0.0001 
RTCMLOC 1 23862.92 70.23 0.0001 23862. 92 70.23 0.0001 
T for Std B 
B values HO:B=0 Prob T 8td err B values 
Intercept 
Stand 
RTCM 
RTCMSQ 
RTCMLOC 
12.41 
5.79 
14.84 
-0.14 
-5.11 
1.50 
12.92 
8.36 
-9.24 
-8.38 
0.1295 
0.0001 
0.0001 
0.0001 
0.0001 
0.24 
0.44 
1.77 
0. 015 
0 . 6 1  
0 . 0  
0.46 
3.84 
-1.49 
-2.56 
Table 18. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 7 205534.18 29362.02 92.21 0.0001 0.72 16.55 
Error 252 80239.13 318.40 
Corr. total 259 285773.31 
Yield 
Std dev mean 
17 .84 107.81 
Sequential Partial 
SS F value Prob F SS F value Prob F 
LOG 1 45927.79 144.24 0.0001 1888.45 5. 93 0.0148 
Soil 2 2207.32 3.46 0.0317 1110.71 1. 74 0.1748 
Stand 1 78156.36 245.45 0.0001 45905.02 144. 16 0.0001 
STRP 1 78538.28 246.65 0.0001 2.14 0. 00 0.9324 
STRPSQ 1 0.53 0.00 0.9661 271.49 0. 85 0.6406 
STRPLOG 1 703.86 2.21 0.1343 703.86 2. 21 0.1343 
T for Std B 
B values HO:B=0 Prob T Std err B values 
Intercept 48.16 6.01 0.0001 8. 00 0.0 
Stand 5.28 12.00 0.0001 0. 43 0.41 
STRP -0.13 -0.08 0.9324 1. 62 -0.03 
STRPSQ -0.01 -0.92 0.6406 0. 013 -0.12 
STRPLOC -0.85 -1.48 0.1343 0. 57 -0.41 
Table 19. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 7 203159.47 29022.78 88.52 0.0001 0.71 16.79 
Error 252 82613.84 327.83 
Corr. total 259 285773.31 
Yield 
Std dev mean 
18.10 107.81 
Sequential Partial 
SS F value Prob F 88 F value Prob F 
LOG 1 45927.79 140.09 0.0001 10158.49 30.98 0.0001 
Soil 2 2207.32 3.36 0.0350 1276.08 1.94 0.1428 
Stand 1 78156.36 238.40 0.0001 49258.30 150.25 0.0001 
STPM 1 69825.55 212.99 0.0001 3636.31 11.09 0.0014 
STPMSQ 1 760.85 2.32 0.1248 5032.76 15.35 0.0003 
STPMLOC 1 6281.57 19.16 0.0001 6281.57 19.16 0.0001 
T for Std B 
B values HO:B=0 Prob T Std err B values 
Intercept 37.12 4.67 0.0001 7. 94 0. 0 
Stand 5.44 12. 25 0.0014 0.44 0.43 
STPM 5.96 3.33 0.0014 1. 78 1.41 
STPMSQ -0.06 -3.91 0.0003 0. 015 -0.56 
STPMLOC -2.84 -4.37 0.0001 0.64 -1.35 
Table 20. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of . Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 7 206017.89 29431.12 92.9 0. 0001 0.72 16.50 
Error 252 79755.42 316.48 
Corr. total 259 285773.31 
Yield 
Std dev mean 
18.10 107.81 
Sequential Partial 
88 F value Prob F 88 F value Prob F 
LOG 1 45927.79 145.11 0.0001 4646 .24 14,68 0.0004 
Soil 2 2207.32 3.48 0.0311 1421 .62 2.24 0.1058 
Stand 1 78156.36 246.94 0.0001 50537 .44 159.68 0.0001 
RTRP 1 73495.77 232.22 0.0001 2871 .81 9.07 0.0032 
RTRPSQ 1 1421.92 4.49 0.0328 5813 .88 18.36 0.0001 
RTRPLOC 1 4808.71 15.19 0.0003 4808 .71 15.79 0.0003 
T for Std B 
B values HO:B=0 Prob T Std err B values 
Intercept 
Stand 
RTRP 
RTRPSQ 
RTRPLOC 
35.36 
5.50 
5.08 
-0.05 
-2.14 
4.15 
12.63 
3.01 
-4.29 
-3.89 
0.0002 
0.0001 
0.0032 
0.0001 
0.0003 
8.50 
0.43 
1 . 6 8  
0.013 
0. 55 
0 . 0  
0.43 
1.44 
-0.73 
-1.18 
Table 21. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 7 207847.05 29692.43 96.02 0. 0001 0.73 16.31 
Error 252 77926.24 309.23 
Corr. total 259 285773.31 
Yield 
Std dev mean 
17.58 107.81 
Sequential Partial 
88 F value Prob F 88 F value Prob F 
LOC 1 45927.79 148.52 0.0001 20678. 68 66.87 0.0001 
Soil 2 2207.32 3.56 0.0287 1932. 45 3,12 0.0443 
Stand 1 78156.36 252.74 0.0001 52194. 21 168.78 0.0001 
RTPM 1 58357.55 188.71 0.0001 16423. 20 53.11 0.0001 
RTPMSQ 1 5340.66 17.27 0.0002 20867. 35 67.48 0.0001 
RTPMLOC 1 17857.37 57.75 0.0001 17857. 37 57.74 0.0001 
T for Std B 
B values HO :B=0 Prob T Std err B values 
Intercept 20.80 2.65 0.0084 7. 84 0.0 
Stand 5.57 12.99 0.0001 0.42 0.43 
RTPM 12.21 7.28 0.0001 1. 87 3.40 
RTPMSQ -0.11 -8.21 0.0001 0. Oil -1.67 
RTPMLOC -4.35 -7.59 0.0001 0. 57 -2.37 
Table 22. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Source DF 
Sum of 
squares 
Mean 
square F value Prob F R-square C.V.% 
Regression 
Error 
Corr. total 
SOILLOC 
Stand 
STRC 
STRCSQ 
Intercept 
Stand 
STRC 
STRCSQ 
9 
376 
385 
6 
1 
1 
1 
484421.45 
180889.22 
665310.67 
53824.68 
481.08 
111 .88  0.0001 
Sequential 
88 
196091.05 
54034.18 
232806.28 
1489.95 
B values 
69.90 
4.55 
-3.32 
0.011 
F value Prob F 
67.93 
112.31 
483.91 
3.09 
T for 
HO:B=0 
7.55 
8.72 
-8.90 
1.76 
0.0001 
0 .0001 
0 .0001 
0.0754 
Prob T 
0.0001 
0.0001 
0.0001 
0.0754 
Partial 
SS 
21200.68 
36607.84 
38074.75 
1489.94 
0.73 
Std dev 
21.93 
F value 
7.34 
76.09 
79.14 
3.09 
Std err B 
9.25 
0.52 
0.37 
0.0064 
23. 27 
Yield 
mean 
94.21 
Prob F 
0.0001 
0.0001 
0.0001 
0.0754 
Std B 
Values 
0 . 0  
0.276 
-1.009 
0.177 
Table 23. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression g 484362.80 53818.08 111.83 0.0001 0.73 23.28 
Error 376 180947.87 481.24 
Corr. total 385 665310.67 
Yield 
Std dev mean 
21.93 94.21 
Sequential Partial 
88 F value Prob F 88 F value Prob F 
SOILLOC 6 196091.04 67.91 0.0001 7878.70 2.72 0.0132 
Stand 1 54034.18 112.28 0.0001 44436.67 92.33 0.0001 
STCM 1 233759.82 485.74 0.0001 17900.10 37.19 0.0001 
STCMSQ 1 477.74 0.99 0.6797 477.74 0.99 0.6797 
T for Std B 
B values HO:B=0 Prob T Std err B values 
Intercept 53.93 6.01 0.0001 8. 96 0.0 
Stand 4.97 9.60 0.0001 0. 51 0. 302 
STCM -2.56 -6.09 0.0001 0. 42 -0.643 
STCMSQ -0.009 -0.99 0.6797 0. 0094 -0.098 
Table 24. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Source DF 
Sum of 
squares 
Mean 
square F value Prob F R-square C.V.% 
Regression 
Error 
Corr. total 
9 
376 
385 
443966.64 
221344.03 
665310.67 
49329.62 
585.68 
83.79 0.0001 0.66 
Std dev 
25.75 
Yield 
mean 
24.26 94.21 
Sequential 
SS F value 
Partial 
Prob F 88 F value Prob F 
SOILLOC 
Stand 
RTRC 
RTRCSQ 
6 
1 
1 
1 
196091.04 
54034.18 
190912.84 
2928.56 
55.51 
91.78 
324.30 
4.97 
0.0001 12464.70 
0.0001 42740.05 
0.0001 6829.38 
0.0247 2928.56 
3. 52 
72.60 
11.60 
4.97 
0.0024 
0.0001 
0.0011 
0.0247 
B values 
T for 
HO:B=0 Prob T Std err B 
Std B 
values 
Intercept 
Stand 
RTR6 
RTRCSQ 
59. 34 
4.87 
-1.55 
-0.016 
5.49 
8.52 
-3.40 
-2.23 
0.0001 
0.0001 
0.0011 
0.0247 
10.79 
0.57 
0.45 
0.0074 
0.0 
0.29 
-0.49 
-0.28 
Table 25. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 9 435999.48 48444.38 79.43 0.0001 0.66 26.21 
Error 376 229311.19 609.87 
Corr. total 385 665310.67 
Yield 
Std dev mean 
24.69 94.21 
Sequential Partial 
SS F value Prob F SS F value Prob F 
SOILLOC 6 196091.04 53.54 0.0001 3124.12 0.85 0.5303 
Stand 1 54034.18 88.59 0.0001 51932.38 85.15 0.0001 
RTCM 1 175019.12 286.97 0.0001 353.70 0.57 0.5467 
RTCMSQ 1 10855.12 17.79 0.0001 10855.12 17.79 0.0001 
T for Std B 
B values HO :B=0 Prob T Std err B values 
Intercept 
Stand 
RTCM 
RTCMSQ 
37.84 
5.33 
-0.38 
-0.043 
3.68 
9.22 
-0.76 
-4.21 
0.0005 
0.0001 
0.5467 
0.0001 
10.23 
0.57 
0.50 
0.0102 
0 . 0  
0.32 
-0.10 
-0.53 
Table 26. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Source DF 
Sum of 
squares 
Mean 
square F value Prob R-square C.V:% 
Regression 9 
Error 376 
Corr. total 385 
SOILLOC 
Stand 
STRP 
STRPSQ 
513151.54 
152159.13 
665310.67 
Sequential 
SS 
6 196091.04 
1 54034.18 
1 261750.57 
1 1275.74 
B values 
57016.83 
404.67 
140.89 0.0001 
F value Prob F 
80.76 
133.52 
646.81 
3.15 
T for 
HO:B=0 
0.0001 
0 .0001 
0 .0001 
0.0729 
Partial 
SS 
19336.07 
34591.84 
39065.32 
1275.74 
0.77 
Std dev 
20 .11  
7.96 
85.47 
96.53 
3.15 
21.35 
Yield 
mean 
94.21 
F value Prob F 
Prob T Std err B 
0.0001 
0 .0001 
0 .0001 
0.0729 
Std B 
values 
Intercept 
Stand 
STRP 
STRPSQ 
70.80 
4.43 
-3.15 
0. 009 
8.37 
9.24 
-9.82 
1.77 
0.0001 
0.0001 
0.0001 
0.0729 
8.45 
0.47 
0.32 
0.0054 
0 . 0  
0 . 2 6  
-1.01 
0.16 
Table 27. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 9 508250.54 56472.28 135. 19 0.0001 0.76 21.69 
Error 376 157060.13 417.71 
Corr. total 385 665310.67 
Yield 
Std dev mean 
20.43 94.21 
Sequential Partial 
SS F value Prob F SS F value Prob F 
SOILLOC 6 196091.04 78.23 0.0001 5993.87 2.39 0.0276 
Stand 1 54034.18 129.35 0.0001 41417.91 99.15 0.0001 
STPM 1 257748.49 617.04 0.0001 18308.64 43.83 0.0001 
STPMSQ 1 376.81 0.90 0.6552 376.81 0.90 0.6552 
T for Std B 
B values H0;B=0 Prob T Std err B values 
Intercept 56.33 6.78 0.0001 8. 30 0.0 
Stand 4.80 9.95 0.0001 0. 48 0.29 
STPM -2.49 -6.62 0.0001 0. 37 -0.66 
STPMSQ -0.0007 -0.94 0.6552 0. 0082 -0.09 
Tabl2 28. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 9 497168.26 55240.91 123. 50 0.0001 0.75 22.44 
Error 376 168142.41 447.18 
Corr. total 385 665310.67 
Yield 
Std dev mean 
21.14 94.21 
Sequential Partial 
SS F value Prob F 88 F value Prob F 
SOILLOC 6 196091.04 73.08 0.0001 13896.33 5.17 0.0001 
Stand 1 54034.18 120.83 0.0001 38208.51 85.44 0.0001 
RTRP 1 245139.07 548.17 0.0001 10251.44 22.92 0.0001 
RTRPSQ 1 1903.95 4.25 0.0373 1903.95 4.25 0.0373 
T for Std B 
B values HO:B=0 Prob T Std err B values 
Intercept 66.38 7.12 0.0001 3. 31 0.0 
Stand 4.62 9.24 0.0001 0. 50 0.28 
RTRP -1.83 -4.78 0.0001 0. 38 -0.61 
RTRPSQ -0.012 -2.06 0.0373 0. 0061 -0.23 
Table 29. Analysis of variance, regression coefficients, and statistics of fit for 
the dependent variable yield 
Sum of Mean 
Source DF squares square F value Prob F R-square C.V.% 
Regression 9 481015.05 53446.11 109.04 0.0001 0.72 23.49 
Error 376 184295.62 490.14 
Corr. total 385 665310.67 
Yield 
Std dev mean 
22.13 94.21 
Sequential Partial 
ss F value Prob F ss F value Prob F 
SOILLOC 6 196091.04 66.67 0.0001 2491.57 0.84 0.5353 
Stand 1 54034.18 110.24 0.0001 46998.71 95.86 0.0001 
RTPM 1 223473.66 455.93 0.0001 1902.54 3.88 0.0466 
RTPMSQ 1 7416.15 15.13 0.0003 7416.15 15.13 0.0003 
T for Std B 
B values HO:B=0 Prob T Std err B values 
Intercept 46.15 5.03 0.0001 9. 15 0.0 
Stand 5.08 9.79 0.0001 0. 51 0.30 
RTPM -0.86 -1.97 0.0466 0.43 -0.24 
RTPMSQ -0.033 -3.88 0.0003 0.0087 -0.45 
160 
APPENDIX C: YIELD AND SOIL MOISTURE ESTIMATES 
161 
Table 30. Stress indices and estimated corn yields and soil 
moisture at Castana for the 100% of PAWC case; 
runoff and evaporation were not adjusted 
Soil moisture 
Year STEP Yield^ RTRP Yield 6-5 9-15 
1951 1.53 106.8 2.52 135.6 8.31 8.36 
1952 0.47 140.3 1.19 138.1 7.84 4.93 
1953 6.12 122.9 10.48 119.7 7.60 1.76 
1954 12.57 103.7 16.28 106.1 8.41 2.96 
1955 31.43 52.3 33.02 65.7 8.27 1.23 
1956 10.41 110.0 12.23 116.0 7.55 2.17 
1957 3.09 132.2 4.39 132.0 7.85 7.46 
1958 0.71 139.6 1.10 138.3 8.07 4.57 
1959 17.14 90.6 21.76 94.3 8.11 1.73 
1960 3.34 131.4 5.48 129.9 7.51 3.70 
1961 9.14 113.8 13.13 114.0 8.26 4.81 
1962 5.56 124.6 7.92 125.0 8.44 5.85 
1963 4.68 127.3 4.87 131.1 8.61 4.84 
1964 8.04 117.1 9.96 120.8 7.76 3.60 
1965 5.49 124.8 11.73 117.0 8.61 5.69 
1966 4.12 129.0 9.82 121.1 8.55 2.09 
1967 10.84 108.8 17.35 104.6 8.61 2.50 
1968 6.08 123.0 7.26 126.3 7.56 4.43 
1969 2.24 134.8 4.10 132.6 7.51 4.87 
1970 21.70 78.0 24.92 86.6 8.11 3.88 
1971 16.02 93.8 22.91 91.6 7.88 1.41 
Mean 8.61 114.5 11.54 116.5 8.07 3.94 
^Soil moisture given as inches of plant available water 
to a depth of 5' in this table and throughout this Appendix. 
^Yield given in bushels per acre in this table and 
throughout this Appendix. 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
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31. Stress indices, estimated corn yields and estimated 
soil moisture at Castana for the 50% of PAWC case; 
runoff and evaporation were not adjusted 
Soil moisture 
STRP Yield RTRP Yield 6-5 9-15 
1.53 137.0 2.52 135.6 8.31 8.36 
0.47 140.3 1.19 138.1 6.18 4.93 
11.60 106.6 17.70 103.8 5.11 0.94 
12.57 103.7 16.28 107.1 8.41 2.96 
40.20 30.7 42.20 39.9 5.65 0.58 
21.11 79.6 25.14 86.1 4.64 1.04 
5.52 124.7 8.34 124.1 4.84 6.60 
3.02 132.4 5.51 129.8 4.82 3.02 
17.14 90.5 21.76 94.3 8.11 1.73 
3.34 131.5 5.48 129.9 6.50 3.70 
11-60 106.3 17.33 104.7 5.73 4.05 
5. 56 124.6 7.92 125.0 8.44 5.85 
4.68 127.3 4.87 131.1 8.55 4.84 
8.04 117.1 9.96 120.8 7.58 3.60 
5.49 124.8 11.73 117.0 8.29 5.69 
5.91 123.5 13.43 113.4 5.77 1.45 
10.84 108.8 17.35 104.6 6.57 2.50 
9.13 113.8 13.11 114.1 4.46 3.26 
6.86 120.6 12.08 116.3 3.95 2.96 
32.69 49.1 38.40 50.9 5.33 3.12 
29.61 56.9 36.66 55.7 4.87 0.64 
11.76 103.0 15.66 106.8 6.29 3.42 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
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32. Stress indices, estimated corn yields, and esti­
mated soil moisture at Castana for the 20% of PAWC 
case; runoff and evaporation were not adjusted 
Soil moisture 
STEP Yield RTRP Yield 6-5 9-15 .10-31 
1.53 137.0 2.52 135.6 6.47 8.36 8.53 
2.10 135.2 6.54 127.8 3.13 2.72 1.58 
29.85 56.3 35.37 59.3 2.06 0.08 0.00 
12.94 102.6 17.25 104.9 7.06 2.76 4.98 
53.92 0 55.20 0 2.60 0.04 0.60 
35.16 42.9 39.56 47.6 1.75 0.49 1.25 
16.40 92.7 20.56 97.2 1.99 5.33 7.65 
13.05 102.3 20.57 97.2 1.77 1.60 0.59 
24.93 69.2 30. 00 73.7 5.78 1.13 3.63 
9.18 113.7 14.30 111.5 3.65 2.04 3.92 
23.39 73.4 32.01 68.4 2.88 3.14 5.66 
6.58 121.5 9.39 122.0 5.84 5.47 5.33 
9.13 113.8 11.58 117.4 5.50 3.21 2.93 
9.41 113.0 12.74 114.9 4.53 2.94 3.57 
13.50 101.0 22.54 92.4 5.24 4.62 8.10 
24.02 71.7 32.10 68.2 2.92 0.21 0.13 
10.84 108.8 17.35 104.6 3.72 2.50 2.61 
23.73 72.5 30.23 73.1 1.41 2.13 7.16 
21.45 78.6 29.32 75.5 1.10 1.79 2.88 
55.36 0 53.90 3.0 2.48 0.90 5.91 
52.56 28.0 53.17 6.2 1.97 0.00 3.73 
21.38 81.4 26.01 83.9 3.52 2.45 3.84 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
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33. Stress indices, estimated corn yields, and esti­
mated soil moisture at Castana for the 100% of PAWC 
case; runoff was adjusted for conservation tillage 
Soil moisture 
STEP Yield RTRP Yield 6-5 9-15 10-31 
1.50 137.1 2.47 135.7 8.31 8.36 8.53 
0.47 140.3 1.19 138.1 7.84 4.93 3.40 
5.00 123.3 10.16 120.4 7.60 1.77 1.43 
12.38 104.3 15.80 108.1 8.41 3.20 5.43 
31.11 53.1 32.72 66.5 8.27 1.27 1.80 
7.64 118.3 9.14 122.5 7.55 2.53 2.91 
2.81 133.0 4.13 132.5 7.85 7.68 8.42 
0.71 139.6 1.10 138.3 8.07 4. 57 3.38 
15.80 94.4 20.16 98.1 8.11 1.94 4.41 
2.15 135.1 3.35 134.0 7.51 4. 54 6.53 
7.79 117.8 10.24 120.2 8.26 5.91 8.56 
4.30 128.4 6.23 128.4 8.44 8.00 7.86 
2.90 132.7 2.53 135.6 8.61 6.76 6.49 
7.36 119.1 8.95 122.9 7.76 3.78 4.43 
4.70 127.2 10.07 . 120.6 8.61 6.39 8.10 
3.77 130.1 8.59 123.6 8.61 2.33 1.93 
10.84 108.8 17.35 104.6 8.61 2.50 2.61 
5.91 123.5 6.73 127.4 7.56 4.95 8.10 
1.65 136.6 3.23 134.3 7.51 5.42 6.51 
21.13 79.5 24.75 87.0 8.11 2.28 8.10 
16.02 93.8 22.91 91.6 7.88 1.41 5.27 
7.94 117.9 10.56 118.6 8.07 4.31 5.44 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
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34. Stress indices, estimated corn yields, and esti­
mated soil moisture at Castana for the 50% of PAWC 
case; runoff was adjusted for conservation tillage 
Soil moisture 
STRP Yield RTRP Yield 6-5 9-15 
1.50 137.1 2.47 135.7 8.31 8.36 
0.47 140.3 1.19 138.1 6.32 4.93 
8.02 117.2 13.53 113.2 5.31 1.28 
12.38 104.3 15.80 108.1 8.41 3.20 
39.67 31.9 41.87 40.9 5.65 0.73 
16.77 91.7 20.63 97.0 4.70 1.31 
2.98 132.5 4.48 131.8 4.84 7.57 
0.71 139.6 1.10 138.3 4.82 4.57 
15.80 94.4 20.16 98.1 8.11 1.94 
2.15 135.1 3.35 134.0 7.51 4.54 
8.29 116.3 11.34 117.9 6.17 5.59 
4.30 128.4 6.23 128.4 8.44 • 8.00 
2.90 132.7 2.53 135.6 8.61 6.76 
7.36 119.1 8.95 122.9 7.76 3.78 
4.70 127.2 10.07 120.6 8.61 6.39 
3.77 130.1 8.59 123.6 6.03 2.33 
10.84 108.8 17.35 104.6 7.43 2.50 
5.91 123.5 6.73 127.4 4.46 4.95 
4.40 128.1 8.54 123.7 4.07 3.91 
31.07 53.2 36.44 56.4 5.83 3.85 
28.71 59.3 35.54 58.8 4.87 0.68 
10.13 111.0 13.19 114.7 6.49 4.15 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
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35. Stress indices, estimated corn yields, and esti­
mated soil moisture at Castana for the 20% of PAWC 
case; runoff was adjusted for conservation tillage 
Soil moisture 
STRP Yield RTRP Yield 6-5 9-15 10-31 
1.50 137.1 2.47 135.7 8.31 8.36 8.53 
0.57 140.0 1.62 137.3 3.27 4.63 3.11 
22.63 75.4 29.29 75.5 2.26 0.29 0.20 
12.38 104.3 15.80 108.1 8.41 3.20 5.43 
53.32 1.1 54.92 0.6 2.60 0.24 0.84 
29.63 56.9 34.47 61.8 2.15 0.68 . 1.41 
10.92 108.5 14.56 110.9 1.99 6.04 • 8.36 
4.13 129. 0 6.76 127,3 1.77 3.00 1.91 
18.76 86.1 23.37 90.4 7.11 1.57 4.06 
2.22 134.9 3.52 133,7 5.35 4.47 6.47 
16.97 91.1 24.12 88.6 3.32 3.99 6.63 
4.30 128.4 6.23 128.4 6.64 8.00 7.86 
2.90 132.7 2.53 135.6 6.54 6.76 6.49 
7.36 119.1 8.95 122.9 5.37 3.78 4.43 
8,94 114.4 17.16 105.1 5.82 5.44 8.10 
13.07 102.3 21.80 94.2 3.18 0.57 0.44 
10.84 108.8 17.35 104.6 4.58 2.50 2.61 
12.14 105.0 17.21 105.0 1.41 3.18 8.10 
14.86 97.1 22.61 92.3 1.12 2.29 3.38 
52.00 4.0 51.97 10.1 2.78 0.90 6.71 
51.23 5.6 52.37 8.8 1.97 0.00 4.07 
16.70 9.9 20.43 97.51 4.09 3.33 4.72 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
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36. Stress indices, estimated corn yields, and esti­
mated soil moisture at Castana for the 50% of PAWC 
case; evaporation and runoff were adjusted for 
conservation tillage 
Soil moisture 
STRP Yield RTRP Yield 6-5 9-15 10-31 
1.50 137.1 2.47 135.7 8.52 8.36 8.53 
0.47 140.3 1.19 138.1 8.47 4.93 3.40 
5.99 123.3 10.16 120.4 8.01 1.77 1.43 
12.38 104.3 15.80 108.1 8.55 3.20 5.43 
33.39 47.3 34.81 60.8 7.09 0.97 1.52 
8.87 114.6 11.07 118.4 7.51 2.13 2.59 
2.81 133.0 4.13 132.5 7.10 7.68 8.42 
0.71 139.6 1.10 138.3 6.87 4.57 3.38 
15.36 95.7 19.63 99.4 8.46 1.96 4.44 
2.15 135.1 3.35 134.0 8.31 4.54 6.53 
7.79 117.8 10.24 120.2 7.80 5.91 8.56 
4.30 128.4 6.23 128.4 8.58 8.00 7.86 
2.90 132.7 2.53 135.6 8.61 6.76 6.49 
7.36 119.1 8.95 122.8 8.46 3.78 4.43 
4.70 127.2 10.07 120.6 8.61 2.83 8.10 
3.77 130.1 8.59 123.6 8.11 2.33 1.93 
10.84 108.8 17.35 104.6 8.57 2.50 2.61 
5.91 123.5 6.73 127.4 7.15 4.95 8.10 
1.71 136.4 3.35 134.0 6.09 5.38 6.47 
21.11 79.6 24.71 87.1 8.24 2.29 8.10 
16.02 93.8 22.91 91.6 8.14 1.41 5.27 
o
 
r
H
 C
O 
116.9 10.73 119.2 7.96 4.11 5.41 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
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37. Stress indices, estimated corn yields, and esti­
mated soil moisture at Castana for the 20% of PAWC 
case; evaporation and runoff were adjusted for 
conservation tillage 
Soil moisture 
STRP Yield RTRP Yield 6-5 9-15 10-31 
1.50 137.1 2.47 135.7 8.52 8.36 8.53 
0.47 140.3 1.19 138.1 6.38 4.93 3.40 
8.91 114.5 14.65 110.7 4.96 1.16 0.95 
12.38 104.3 15.80 108.1 8.55 3.20 5.43 
45.62 18.1 47.23 24.9 4.04 0.41 1.00 
19.92 82.9 23.97 89.0 4.46 1.02 1.70 
4.05 129.2 6.32 128.2 4.05 7.10 8.42 
0.71 139.6 1.10 138.3 3.82 4.57 3.38 
15.36 95.7 19.63 99.4 8.46 1.96 4.44 
2.15 135.1 3.35 134.0 7.71 4.54 6.53 
11.47 106.9 16.64 106.2 4.75 4.62 7.27 
4.30 128.4 6.23 128.4 8.58 8.00 7.86 
2.90 132.7 2.53 135.6 8.61 6.76 6.49 
7.36 119.1 8.95 122.9 8.46 3.78 4.43 
4.70 127.2 10.06 120.6 8.61 6.39 8.10 
4.59 127.5 11.72 117.1 5.06 1.60 1.37 
10.84 108.8 17.35 104.6 5.52 2.50 2.61 
6.25 122.5 7.60 125.6 4.10 4.68 8.10 
6.82 120.8 12.72 114.9 3.04 3.07 4.16 
32.92 48.5 38.41 50.8 5.19 1.30 7.12 
27.03 63.7 32.96 65.9 5.09 0.70 4.65 
10.96 10917 14.32 109.5 6.09 3.84 5.04 
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Table 3S. Stress indices, estimated corn yields, and esti­
mated soil moisture at Doon for the 100% of PAWC 
case; evaporation was not adjusted 
Soil moisture 
Year STEP Yield RTRP Yield 6-5 9-15 10-31 
1958 9.71 112.1 16.30 107.0 10.04 2.58 1.87 
1959 15.03 96.6 16.79 105.9 9.90 3.86 5.87 
1960 6.76 120.9 8.95 122.9 9.79 6.04 8.52 
1961 7.15 119.8 10.19 120.3 9.62 4.67 5.84 
1962 3.40 131.2 6.31 128.2 10.28 5.56 4.97 
1963 5.64 124.3 8.18 124.5 9.96 2.73 3.10 
1964 5.49 124.8 6.43 128.0 9.25 8.34 8.06 
1965 5.33 125.3 9.44 121.9 10.50 3.95 8.17 
1966 17.54 89.5 21.55 94.8 10.05 4.68 5,68 
1967 14.05 99.4 17.83 103.5 10.27 2.33 2.34 
1968 10.16 110.8 13.24 113.8 9.25 2.90 9.55 
1969 2.69 133.4 5.04 130.7 9.25 3.76 4.80 
1970 17.00 91.0 19.87 98.8 9.41 2.82 6.59 
1971 11.70 106.3 16.44 106.7 10.40 2.37 4.51 
Mean 9.40 112.0 12.61 115-2 9.86 3.89 5.49 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
Mean 
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39. Stress indices, estimated corn yields, and esti­
mated soil moisture at Doon for the 40% and 20% of 
PAWC cases; evaporation was not adjusted 
Soil moisture 
STEP Yield RTRP Yield 6-5 9-15 10-31 
40% case 
38.77 34.1 42.39 39.4 4.09 0.71 0.18 
19.20 84.9 23.56 90.0 7.68 2.83 4.84 
26.45 65.2 32.24 67.8 4.53 3.53 5.73 
28.52 59.8 37.16 54.3 4.00 2.34 3.51 
15.76 94.5 21.48 95.0 4.51 3.13 2.54 
36.87 38.7 42.96 37.7 4.01 0.27 0.85 
17.40 89.9 22.87 91.6 4.88 5.63 5.37 
13.89 99.9 20.36 97.7 6.23 2.50 6.72 
38.89 33.8 47.10 25.3 4.10 2.65 3.64 
22.35 76.2 25.96 84.0 4.32 1.37 1.52 
39.53 32.3 41.55 41.8 3.31 0.76 7.42 
16.22 93.2 20.12 98.2 3.68 1.45 2.72 
44.41 20.8 49.52 17.8 3.46 1.11 4.89 
22.59 75.5 27.78 79.4 5.58 1.18 3.47 
27.02 63.7 32.50 67.1 4.60 2.10 3.41 
20% case 
51.33 5.4 50.73 14.0 2.29 0.46 0.00 
24.91 69.3 30.72 71.8 5.88 2.38 4.39 
4v. 02 31.1 44.61 32.8 2.53 2.98 5.49 
4..13 28.5 47.19 25.0 2.20 2.01 3.18 
27.52 62.4 33.33 64.9 2.71 2.28 1.69 
49.61 9.2 51.40 11.9 2.21 0.00 0.61 
26.41 65.3 34.72 61.1 2.88 5.02 4.77 
22.31 76.3 29.46 75.1 4.31 1.78 6.00 
49.74 8.9 54.13 3.2 2.30 2.16 3.16 
30.26 55. 3 33.28 65.0 2.52 0.89 1.08 
49.48 9.4 48.36 21.4 1.50 0.42 7.07 
26.40 65.1 30.31 73.4 1.88 0.80 2.14 
57.19 6.9 56.93 0.0 1.66 0.73 4.54 
31.97 50.9 36.31 56.7 3.60 0.54 2.88 
37.74 35. 0 41.53 41.9 2.75 1.61 2.97 
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Table 40. Stress indices, estimated corn yields, and esti­
mated soil moisture at Doon for the 40% and 20% of 
PAWC cases; evaporation was adjusted for conserva­
tion tillage 
Soil moisture 
Year STEP Yield RTRP Yield 6-5 9-15 10-31 
40% case 
1958 29.81 56.4 33.50 64.4 6.00 1.04 0.48 
1959 13.40 101.3 14.57 110.9 10.32 3.98 5.99 
1960 19.36 84.4 24.79 86.9 5.72 3.94 6.10 
1961 12.13 105.0 17.84 103.5 7.03 3.20 4.37 
1962 6.64 121.3 10.95 118.7 6.88 4.46 3.87 
1963 20.04 58.4 35.28 59.6 5.08 0.38 0.94 
1964 6.91 120.5 9.96 120.8 7.99 7.24 6.97 
1965 5.33 125.3 9.44 121.9 9.52 3.95 8.17 
1966 34.64 44.2 41.59 41.7 5.55 2.75 3.75 
1967 18.17 87.7 21.90 94.0 5.48 1.77 1.87 
1968 25.03 69.0 29.67 74.6 5.78 1.36 8.02 
1969 7.39 119.0 11.80 116.9 5.93 2.32 3.48 
1970 29.45 57.4 34.98 60.4 6.05 1.51 5.29 
1971 15.41 95.5 20.80 96.6 7.36 1.80 4.02 
Mean 18.04 89.0 32.66 90.8 6.76 2.84 4.52 
20% case 
1958 42.09 26.2 44.01 34.6 4.00 0.48 0.00 
1959 15.72 94.7 19.27 100.2 8.75 3.13 5.15 
1960 30.65 54.3 35.90 57.8 3.72 3.31 5.80 
1961 20.83 80.4 28.06 78.8 5.03 2.55 3.71 
1962 13.19 101.9 18.67 101.6 4.88 3.35 2.76 
1963 44-59 30.4 47.74 23.3 3.08 0.00 0.61 
1964 13.14 102.1 17.70 103.8 5.99 5.97 5.70 
1965 8.63 115.3 14.54 110.9 7.52 3.13 7.35 
1966 47.01 14.9 52.27 9.1 3.55 2.14 3.14 
1967 25.59 67.5 28.95 76.3 3.43 1.13 1.31 
1968 38.60 34.5 39.67 47.2 3.78 0.70 7.36 
1969 15.38 95.6 19.49 99.7 3.93 1.48 2.74 
1970 45.37 18.6 46.75 26.3 4.05 0.86 4.64 
1971 23.19 73.9 28.22 78.3 5.36 1.14 3.43 
Mean 27.42 64.3 31.53 67.7 4.79 2.10 3.83 
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Table 41. Stress indices, estimated corn yields, and esti­
mated soil moisture at Doon for the actual spring 
soil moisture case 
Soil moisture 
Year STRP Yield RTRP Yield 4-15 6-5 9-15 10-31 
Conventional tillage 
1958 29.74 56.6 35.60 58.7 5.62 5.36 1.22 0.65 
1959 25.80 66.9 31.54 69.6 2.20 5.72 2.46 4.48 
1960 10.98 108.4 14.14 111.2 7.64 8.73 5.04 5.20 
1961 28.83 59.0 37.97 52.1 4.16 5.00 2.45 3.62 
1962 17.13 90.7 23.24 90.7 4.17 4.46 3.10 2.51 
1963 40.19 30.7 45.79 29.2 2.96 3.42 0.26 0.83 
1964 21.00 79.9 27.60 79.9 3.15 3.93 5.34 5.09 
1965 17.06 90.9 23.74 89.5 3.34 5.37 2.20 6.42 
1966 32.32 50.0 40.72 44.2 5.27 5.21 3.07 4.07 
1967 24.47 70.5 28.03 78.8 3.55 3.66 1.22 1.38 
1968 51.92 4.1 50.84 13.7 1.74 0.97 0.42 7.07 
1969 10.08 110.0 14.37 111.3 5.49! 5.07 2.00 3.18 
1970 53.21 1.4 54.26 2.7 3.25! 2.38 0.75 4.54 
1971 32.12 50.5 36.47 56.3 1.86 4.45 0.53 2.86 
Mean 28.24 62.2 33.16 63.4 3.89 4.55 2.15 3.34 
Conservation tillage 
1958 21.04 79.8 26.27 83.3 5.62 7.49 1.60 1.00 
1959 15.54 95.2 19.02 100.8 2.20 8.82 3.21 5.23 
1960 7.24 119.5 9.80 121.1 7.64 9.23 5.81 7.14 
1961 12.10 105.1 17.87 103.4 4.16 7.94 3.26 4.43 
1962 6.66 121.2 10.83 119.0 4.17 7.04 4.52 3.93 
1963 32.43 49.7 38.79 49.8 2.96 4.54 0.33 0.89 
1964 9.65 112.3 13.54 113.1 3.15 7.01 6. 56 6.29 
1965 5.70 124.2 10.26 120.2 3.34 8.73 3.80 8.02 
1966 28.94 58.7 35.79 38.2 5.27 6.23 3.17 4.17 
1967 20.06 82.5 23.66 89.7 3.55 4.85 1.58 1.71 
1968 41.11 28.5 41.50 42.0 1.74 3.39 0.64 7.30 
1969 4.33 128.3 7.50 125.8 5.49 7.29 3.11 4.19 
1970 35.28 42.6 39.16 48.7 3.25 5.17 1.23 5.01 
1971 24.41 70.6 29.29 75.5 1.86 6.09 1.06 3.36 
Mean 18.89 87.0 23.10 89.3 3.89 6.70 2.84 3.96 
